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by more engine manufacturers 
for original equipment 
and replacement service 


than any other piston ring! 


WHITE—one of the leading engine manufacturers using 
Perfect Circle chrome rings for both original equipment 
and replacement service. 


Behind the world-wide preference for Perfect 
Circle is a history of more than half a century 
of PC engineering leadership—and more. 
There’s a history, too, of unceasing creative 
research...a constant search for the new and 
the better...matchless manufacturing skills... 
and scores of contributions to the forward march 


of the automotive industry, year after year. 

Whenever you have a problem concerning pis- 
ton rings or related engine components, you 
are invited to call upon our engineering and 
research facilities. Perfect Circle Corporation, 
Hagerstown, Indiana; The Perfect Circle Co., 
Ltd., 888 Don Mills Road, Don Mills, Ontario. 
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How to Produce a Design Engineer 26 


College teaches a man the engineering fundamentals. 
Industry has to teach him to apply those fundamentals to 
practical machines. (Paper No. S37)—R. S. Frank 


Citroen DS-19 


The new Citroen DS-19 has many interesting features 
including central hydraulic system and a hydropneumatic 


suspension. (Paper No. 10A)—John R. Bond 

Analog Vibration Data Reduction 33 
At present the single-degree-of-freedom analog is the 

most used analytical tool for establishing the validity of 


shock tests. (Paper No. 199)—C, E. Crede 

Cores for Tubular Fuel Elements 34 
Tubular fuel elements have been successfully fabricated 
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An elevation of the future of Piston Engines, Diesels, 
Gas Turbines and Free-Piston Engines. (Paper No. S41)— 
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Fuel and oxidizer for the Nike Ajax were not stabilized 
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Bell Aircraft have confirmed the indications of earlier an- 
alytical studies that rotating-thrust VTOL is feasible. (Pa- 
per No. S35)—James A. O’Malley, Jr. 


Adhesive-Bond Future 


Adhesive-bonded materials have a good chance for con- 
tinued use in the 600-1000 F environments in which some 
airplane sandwich structures already are being required to 
function. (SP-321)—K. Buchele 
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Weapon Systems Must Be Testable 48 


To achieve maximum effectiveness of weapon systems, 
consideration must be given to the testing phase as well as 
the operational phase. (SP-321)—J. M. Pomykata 


British prototype Locomotive using Mechanical Trans- 
mission has proved successful in extensive operations. New 
units are planned. (Paper No. 245)—L. F. R. Fell and 


G. M. Barrett 
New Manufacturing Techniques 57 


Two methods of introducing new manufacturing tech- 
niques and processes into production are commonly used, 
lab-pilot and pilot-factory. But the success of any method 
depends on organization coordination, proper transfer of 
information, and adequate training programs. (SP-321)— 


V. A. Dornes 
Ground Support for Missiles 59 


Getting Missiles off the ground takes special mobile ve- 
hicles that carry, service, fuel, erect, and launch the mis- 


sile-—Daniel T. Sigley 
Passenger-Car Trends 60 
Postwar trends in design and performance of American 


passenger cars provide interesting clues to probable trends 
between now and 1960.—Paul H. Richard 


Why Diesels in Trucks ? 


For types of service in which vehicles log a lot of engine 
hours, the diesel engine is superior to the gasoline engine 
for three basic reasons. (Paper No. S38)—C. J. Wilhite 


Fuel-Injection Studies 64 


During some simple and inexpensive studies of intake- 
port fuel injection, the authors experienced both failures 
and successes. (Paper No. S29)—W. C. Suttle and F. C. 


Mock 
Aluminum Die Casting 68 


Tips on aluminum die castings show specialized designs 
are needed for high production and quality. (SP-320)— 


J. G. Boehm 
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Nuclear News Notes 69 


Much development work will be needed before atomic 
energy has possibilities for locomotives and commercial 
planes .. . probably never will be practical for highway 
vehicles.—E. D. Reeves 


Improving Aerodynamic Smoothness 7Q 


Requirements for aerodynamic smoothness are increas- 
ing more rapidly than the techniques necessary to achieve 
an aerodynamically clean airplane. As a result, compro- 
mises must be accepted to achieve production rates at ac- 


ceptable costs. (SP-321)—R. J. Nicholson 
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Statistical techniques give the designer an accurate yard- 
stick on the use of fatigue test data. Product failure, re- 
liability of results, and product improvement can be meas- 


ured by three methods.—Leonard G. Johnson 
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Swim, and P. H. Schweitzer 
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Chemical Milling 
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savings in operator skill, time, and tool cost are just a few 
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ities, and etch-back. (SP-321)—Daryl G. Mitton 
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the British Automonocontrol transmission, and the Euro- 
pean infinitely variable speed tractor transmission are de- 
scribed.—Wayne H. Worthington 
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Vibration Protection 89 


Knowledge of the mechanical impedance of supporting 
structure can pinpoint the protection needed for equipment. 
The damaging vibrations transmitted by the structure are 
themselves affected by the mounted equipment. (Paper 


No. 194)—W. W. Harter 

High-Pressure Pneumatics 90 
High-pressure pneumatic systems compete favorably 

with hydraulics for short-duration high-horsepower air- 


craft applications. (Paper No. 237)—H. E. Wright 
Torque Converter for Shovel-Cranes 95 
Torque converters are ideally suited for shovel-cranes. 


Improvements in construction and field education of oper- 
ators are bringing wider acceptance. (Paper No. 177)— 


F. J. Strand 
Testing the F-102 Fuel System 96 


Convair Test Stand provides actual “flying” conditions 
for testing fuel system of prototype. Pays for itself in both 
time and money saved. (Paper No. 234)—A. L. Minella 
and R. E. Morris 
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Precision “O” Rings from Compound 158-80 provide 
the answer to a problem for a manufacturer of Oil- 
Hydraulic Pumps. 

1. Eliminated costly hand lapping 

2. Reduced friction—increased life 

3. Sealed 2000 P.S.I. 
Compound 158-80, with built in lubrication, is espe- 
cially suitable for those jobs where friction is a prob- 


‘recision Rubber 


lem. They are compression molded, rigidly inspected 
—the finest made! 

Have a sealing problem? You'll find the answer at 
Precision! There's a Precision engineer ready to help 
you in “O” Ring specification and product design. 

Get your free copy of our Engineering Data Sheet 
on Compound 158-80. 


Specify Precision—first in quality 


Products Corporation 


"O” Ring and Dyna-seal Specialists 


Canadian plant at: Ste. Thérése de Blainville. Québec 


3110 Oakridge Drive, Dayton 7, Ohio 
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The pump that stole the 
SAK Show ian Detroit 


Miracle Sunoco Blending Pump 


solves the octane problems of 


all cars...for years to come! 


Sunoco’s miracle blending pump out- 
modes all existing 2- and 3-grade systems 


The widening spread of octane requirements between the new and 
the older cars has created a major problem to millions of America’s 
car owners. With conventional gasoline marketing systems they 
have been unable to obtain maximum performance without the 
penalty of paying for octane their cars don’t need. 

No two- or three-grade system, with wide gaps in octane quality 
and price jumps of 3¢ and 4¢ between grades, can meet the problem. 

Only Sun—with its revolutionary new blending pump that blends 
6 different octane grades—can guarantee every car, whatever the 
make or model, best performance at lowest cost per mile. 

In 2 years of testing in Florida, it has changed the gasoline buy- 
ing habits of thousands and thousands of motorists. Now Sun is 
extending its new system of custom-blended fuels throughout its 
entire marketing territory. An entirely new concept of marketing, 
it introduces a new era of motor fuel buying. It’s the only complete 
answer to the octane problems of the cars of today and tomorrow. 


© 1958 Sun Oil Company 
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Missile Auxiliary Power, P. C. Ricks. 
Paper No. 213 vresented Sept.-Oct. 
1957, 10 p. Reasons for preferred use 
of propellant gas turbine over other 
forms of missile internal power; fac- 
tors to consider in system and com- 
ponent selection; role of quality and 
variation in electrical output in estab- 
lishing complexity and reliability of 
system; close frequency vs close volt- 
age control; selection of hydraulic 
pumps and prime mover parts; com- 
parison of fuel consumption of some 
propellant and stored air systems; 
properties of several liquid monopro- 
pellants. 


Packaged Hydraulic Systems for 
Missiles, A. L. STONE, J. W. WOOD- 
WARD. Paper No. 214 presented 
Sept.-Oct. 1957, 9 p. Reasons for 
their use in missile application are ex- 
cellent weight and power efficiency, 
and flexibility or dual function possi- 
bilities; performance as shown by spe- 
cific weight to horsepower curve; min- 
iaturization of hydraulic components; 
construction of hypothetical system 
employing building block technique 
starting with basic hydraulic circuit 
and developing multiple function sys- 
tem, 


Considerations of Some Jet-Defiec- 
tion Principles for Directional Control 
and for Lift, U. H. von GLAHN, J. H. 
POVOLNY. Paper No. 219 presented 
Sept.-Oct. 1957, 21 p. Study at NACA 
Lewis Laboratory of performance char- 
racteristics of devices for jet direc- 
tional control, lift augmentation, and 
VTOL-STOL, includes both conven- 
tional round and unconventional ex- 
haust nozzles, i.e., annular, and Co- 
and a nozzle; results indicate that 
there are several devices capable of 
providing lift or directional control 
forces with minimum losses. 


Progress Report on Development of 
Landing Gear for Use by STOL Air- 
craft Operating from Rough Unpre- 
pared Fields, V. FRISBY. Paper No. 
220 presented Sept.-Oct. 1957, 6 p. 
Study of suitability of used and pro- 
posed types of gear and feasibility of 
high flotation tires employing tire in- 
flation-deflation principle; studies with 
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prototype tires of 750, 1500, 4000 and 
7500 Ib rated loads; application of 
nevel tire building process and tire 
construction; future plans for hard- 
ware and dynamic testing. 


Design for Reliability, G. 5S. 
SCHAIRER, H. S. CLAYMAN. Paper 
No. 222 presented Sept.-Oct. 1957, 12 
p. Five classifications of reliability 
which designer has to consider as re- 
gards safety, maintenance, overhaul, 
etc; illustrations of reliability rela- 
tionships; effect of relationships is 
shown by various examples of equip- 
ment failure; basic causes of unrelia- 
bility; list of necessary design steps. 


X-Ray Inspection Techniques in 
Airline Operation, A. D. EDWARDS. 
Paper No. 223 presented Sept.-Oct, 1957, 
9 p. Procedures and equipment used 


at Delta Air Lines; portable Andrex 
160 and 200-kv X-ray machine em- 
ploying Kodak’s AA, Ilford C and 
Kodak M films; multiple film tech- 
nique for special tasks; processing, 
reading and examining of films; use 
of Androscope X-ray diffraction equip- 
ment to preclude failure of structural 
members of airframe; precautions 
taken against radiation include use of 
dose meter and radiation survey me- 
ter. 


Some Performance and Operating 
Characteristics of Convertiplanes, R. L. 
LICHTEN. Paper No. 221 presented 
Sept.-Oct. 1957, 12 p. Performance 
and operating characteristics are com- 
pared of four turbine powered converti- 
plane designs of rotating airfoil sys- 
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tems having range of disk loadings 
from 10 to 160 lb/sq ft, and capable of 
hovering flight at 5000 ft on 95 F day: 
results of hovering and of forward 
flight analysis; use of fixed vs tilting 
wings is considered and test data on 
download on fixed wing in hovering 
flight presented. 


Freon Refrigeration for Air-Condi- 
tioning Lockheed Electra, B. L. MES- 


SINGER. Paper No. 224 presented 
Sept.-Oct. 1957, 18 p. Lockheed’s 
high speed Electra propjet transport 
will employ electrically powered vapor 
cycle refrigeration system of 10 tons 
capacity operating in conjunction with 
air cycle cooling equipment when in 
flight; general configuration of system 
which uses 23,000 rpm centrifugal com- 
pressor and Freon-114 refrigerant; fac- 
tors influencing final design philosophy. 


Correlation of Airfoil Ice Forma- 
tions and Their Aerodynamic Effects 
with Impingement and Flight Condi- 
tions, V. H. GRAY. Paper No. 225 
presented Sept.-Oct. 1957, 10 p. Em- 
pirical equation developed by which 
changes in drag coefficients due to 
ice formations on NACA 65A004 air- 
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foil may be calculated from known 
icing and flight conditions; extended 
equation includes data for other air- 
foils up to 15% thickness ratio; esti- 
mation of lift and pitching moment 
coefficients; example of use of corre- 
lation. 


Flow Control by Suction Through 
Distributed Perforations, J. J. COR- 
NISH, III. Paper No. 226 presented 
Sept.-Oct. 1957, 9 p. Problem of drag 
as it affects short-field capability of 
aircraft; control of boundary layer by 
suction through distributed perfora- 
tion: means for perforating doped 
fabric, and for drilling holes in metal 
or plywood; examples of geometric 
boundary layer control in Army L-17 
Navion and Army YL-23 Twin Bo- 
nanza aircrafts; suction boundary con- 
trol in Schweizer TG-3A sailplane with 
suction high lift system. 


Direct Engine-Driven Unconven- 
tional Electric System, K. MARTINEZ. 
Paper No 229 presented Sept.-Oct. 
1957, 26 p. Investigation of possible 
methods of eliminating constant speed 
drive by taking power from rotating 
shaft thus obtaining system simplifi- 
cation in generation and utilization 
of electric energy; study based on hy- 
pothetical bomber flying at speed in 
order of Mach 2.5 to 3.0; three feasible 
systems considered based on present 
state of development, and eight sys- 
tems taking into account future de- 
velopments. 


Design and Development of F-102 
Power Plant Installation, R. J. 
CHILLO. Paper No. 232 presented 
Sept.-Oct. 1957, 11 p. Problems over- 
come by Convair in adapting Pratt & 
Whitney J57 turbojet engine to F-102 
interceptor, production model of which 
is based on YF-102 prototype air- 
craft; design features of engine mount- 
ing system, engine shroud, lubrication 
system, and miscellaneous hardware 
mounted on engine; extension of expe- 
rience gained to F-106 using J75 en- 
gine. 


Dynamic Response Characteristics 
of Turbojet Engine Obtained by Fre- 
quency Response Testing, G. W. 
SMITH. Paper No. 233 presented 
Sept.-Oct. 1957,5 p. Data on dynamic 
characteristics of engine were needed 
in development of closed loop thrust 
control system to augment manual 
control during hovering flight of VTOL 
aircraft X-13; work done at Ryan 
Aeronautical Co. to obtain engine data 
and transfer function characterizing 
engine’s performance; use of analog 
computer in constructing system for 
maintaining constant thrust. 


Fuel System Testing of High Per- 
formance Aircraft, A. L. MINELLA, 
R. E. MORRIS. Paper No. 234 pre- 
sented Sept.-Oct. 1957, 15 p. How 
test stand at Convair’s uses sealed 
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‘CHARTS INC. BUFFALO.N.T. 


MAGS FILTER 
/div.= 


-0000;/" 
SPECIMEN _Bal/_ 
Jan 9 5S 


Tcl 9146 


Accuracy measured in millionths of an inch, made 
visible to the human eye. Steel balls, the heart of 
New Departure precision ball bearings, held to 5 
millionths of an inch or less in sphericity. Graph at left 
shows sphericity variation of a ball on the order of 
one millionth of an inch (.000001”) measured by 
Talyrond Machine. Graph radial divisions are .00001". 


PORTRAIT 
of PRECISION ! 


A mechanism is only as accurate and reliable as the bearings sup- 
porting its moving parts. For the designer the problem is how to 
achieve the essential rigidity or accuracy of location, yet be assured 
of extreme freedom of rotation. 


A “tip-off” to the solution lies in the chart above—super-precise 
steel balls, the heart of New Departure precision ball bearings. For, 
with balls held to 5 millionths of an inch or less out-of-roundness and 
other bearing parts finished with comparable care, such bearings can 
be mounted and preloaded to provide the hairsplitting exactness of 
location and ease of rotation required of the finest precision instruments. 


The extreme accuracy of New Departure 


ball beating component parts fe sew The AChiever guidance system proved in tests of the Air Force’s 
playing a vital role in successful missiles Thor ballistic missile demands tolerances often measured in millionths 


for the Army, Navy and Air Force. Above . . . ; 
~hpgltad tating gata; tex eablibabee of an inch, as is the case with the New Departure ball bearings on 


—vunretouched photograph. which the AChiever’s precision gyros turn. 


1908-1958 
CS 


FORWARD FROM FIFTY 


EPARTURE 
DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


POLLS L/KE A BALL 
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The NEW 


for Power lec titss Scot 


Higher Efficiency - Greater Dependability 
Simplified Design - Proven Performance 
Quieter Operation 


Eaton Designs and Produces Pumps for a Wide Range of Applications 
Consult with Our Engineers on Your Pump Needs 


anaes hy Me hah ie). 


9771 FRENCH ROAD «+ DETROIT 13, MICHIGAN 
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Goodyear. This is the rim that has been adopted by 
the Tire and Rim Industry for tubeless replacement 


Livery tough Job proves It: of all conventional tire sizes 12:00 and larger. 


Tru-Seal is the only practical way known to seal a 
multiple-piece rim. And like all Goodyear Rims, it 
offers these practical, moneysaving advantages: 


Unusual Strength: Thanks to an exclusive double- 
welding process, and added support at points of 
greatest stress, present-day Goodyear Rims are far 


stronger than previous rims. 


Ease of Tire Mounting: No tube and flap troubles. 
r ass Special Tools: Goodyear provides both hydraulic and 
hand tools especially made for off-the-road equipment. 
Bond-a-Coat Finish: This protective coating affords 


on Tru-Seal Tu beless Rims long-lasting resistance to rust and corrosion. 


If you have a rim problem, talk it over with the G.R.E. 

(Goodyear Rim Engineer). He’ll save you time and 

money by helping you select the type and size of rim 
Actual performance records prove it — you can cut best suited to your needs. Write him at Goodyear, 
your costs on the world’s toughest jobs—when your Metal Products Division, Akron 16, Ohio, or contact 
tires are mounted on Tru-Seal Tubeless Rims by your local Goodyear Rim Distributor. 


New Tru-Seal Rims — for sizes 

12:00 and up, including all earth- 

mover and grader sizes. This 

rim is similar to multiple-piece 

‘5 rims now in use — PLUS airtight 

™\  Tru-Seal rubber ring which com- 
presses into sealing groove 
when tire is mounted. 


7) 


ae ee 


= > More tons are carried 
ox on Goodyear Rims 
Buy and Specify than on any other kind 


METAL PRODUCTS DIVISION 


Watch **Goodyear Theater’’ on TV—every other Monday, 9:30 P.M., E.S.T. Tru-Seal —T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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Se MULTIPLE FUNCTION HYDRAULIC SYSTEMS 


a 


IT’S BENDIX-LAKESHORE FOR COMPLETE 
HYDRAULIC ENGINEERING AND MANUFACTURING 


— Automotive or Agricultural — 


Whatever 
or automotive hydraulic components, 
you'll be wise to look first to Bendix- 
Lakeshore. One of the 
modern divisions of the great 


your needs in agricultural 


newest and 


most 
Bendix Aviation Corporation, Bendix- 


Lakeshore is geared to provide you 


with fast, efficient service on any 


product, whether it’s designed by 


our own skilled engineering staff or 
produced here from your design. 


Despite being a comparatively new 


division, Lakeshore is old in experi- 


ence. Backed by the great resources 
of Bendix Aviation Corporation, it 
is staffed in large part by engineers 
who have spent an aggregate of hun- 
dreds of years in hydraulic research 
and 
other firms. Solid engineering research 


and design, both with Bendix* 
standard 
procedure with us. When you order 
hydraulic components from Bendix- 
Lakeshore, you get the benefit of 


and extensive testing are 


complete engineering facilities. 
Bendix-Lakeshore’s reputation for 
quality in the field of hydraulic com- 
ponents has helped us acquire, in the 
space of five years, a list of customers 
whose standards are beyond question. 
Remember, if you have a problem in 
engineering or manufacturing ofauto- 
motive or agricultural hydraulic com- 
ponents, it will pay you to investigate 
the facilities and abilities of Bendix- 
Lakeshore in these specialized fields. 
* TRADEMARK 


Lakeshore Division ye 


St. Joseph, Michigan 


P 


)RPORATION 
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NATIONAL OIL SEAL LOGBOOK 


Use of O-rings as moving seal 
in heavy duty bulldozer control vaive 


Be-Ge reports no leakage or ring failure on hundreds 
of heavy duty applications involving Oliver, Cat- 
erpillar, International Harvester and other crawler 
tractor installations. 


National offers a complete line of industrial O-rings, 
plus many exclusive compounds. Special compound- 
ing is also available to meet unusual conditions. 


For complete information on National O-Rings, or 
for skilled O-ring engineering service, call your near- 
est National Seal engineer. In major cities nation- 
wide. See the Yellow Pages, under “Oil Seals”’. 


1,500 psi variation without backup rings. Inter- 
mittent operation plus long periods of inactivity. 
Extreme external dust and dirt conditions. Irregular 
and unpredictable field servicing. Fluid oil tempera- 
tures reaching 180°F. Climatic temperature extremes 
from —30° to + 120°F. Life expectancy is required 
to be that of the tractor. 


Above are the rugged operating conditions faced and 
met by National industrial O-rings in the new Be-Ge 
Model SU-1200F bulldozer blade control valve. A 
total of four rings are employed in each unit; two in a 
moving shaft application and two as static seals. 


Syntech oil seals, developed by and offered 
exclusively by National, are widely used syn- 
thetic rubber seals for applications where 
temperatures reach 250°F, speeds reach 3,600 


FPM, and total indicator runout is as high | 


as .030. Basic 50,000 series Syntech (illus- 

trated) employs a tough, accurately manufac- 

tured steel outer case, precision-tensioned 

spring and accurately molded and trimmed 
Syntech® Oil Seals Syntech sealing lip. 


NATIONAL SE 


Micro-torc oil seals, pioneered by National, are 
sturdy, dependable leather seals. Special elas- 
tomer coating on surface of chrome re-tanned 
leather sealing lip prevents seepage of oil. Yet 
inner body of sealing lip retains natural poros- 
ity to “store” lubricant against accidental peri- 
ods of starvation. Inherent lubricity of elas- 
tomer coating produces a lower torque, longer 
lasting, economical oil seal. Available in a 
Micro-Tere Oil Seals Wide variety of types and sizes. 


AL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 


Plants: Van Wert, Ohio, Redwood City 
and Downey, California 
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The common 
denominator at 
IPC 


“CUSTOM” 


Custom design + Custom tooling -++ Cus- 
tom manufacture . . . IPC Oil Seals, in syn- 
thetic rubber or leather, are specifically 
designed to solve a particular sealing 
application. 


Eliminate costly production delays and 
product failure by specifying IPC oil seals 
at the design stage. Our engineering staff 
will carefully check all conditions of your 
application before recommending an IPC 
Oil Seal or packings for you. IPC’s “cus- 
tom” oil seals and packings insure longer 
effective service under the yobs 
most extreme conditions of fr 
pressure, temperature, abra- 
sion and speed. ple 


Contact your IPC representative or call 
us today. 


PACKINGS / OlL SEALS / PRECISION MOLDING 


BONDED BY IPC 


<a ww ow 
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INTERNATIONAL PACKINGS’ ¢ 022 024110N 


Bristol, New Hampshire P2 
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HOW new cushioning medium = 
makes dream seats practical- 


Ta Ore Nadel creates new R-0-0-M, new comfort, new appeal! 


pn Aipprasints | “4 LIMITED INTERIOR SPACE needn’t liniit 
i Se? creative thinking about seating. Not if you 
utilize the wonderful new freedom of design 
WF OA. 
NOT RIN AAEEE. offered by full-depth AIRFOAM. 


For full-depth AIRFOAM, molded to your 
specifications, is an astoundingly versatile 
cushioning medium that eliminates bulky 
components. 


It allows you to do things above and beyond 

the limitations of old-time cushionings. 

They’re new things—inspiring things—sales- 
THESE ARE DFOFT. minded things — and because of the unique 
ne een advantages of AIRFOAM, forever practical! 


Some of the best names in the industry have 
benefited greatly by consulting AIRFOAM 
Development Engineers. May we answer some 
key questions for you? Goodyear, Engineered 
Products Dept., Akron 16, Ohio. 


Cawthia belitor hold Sn go? ; 
ils phape’ 
WHERE (7 BELONGS. Pitldled AiR lOf) atal 
Fok CCS LES Mt) tase gat) l, eae 
“y —eotclad ACTOS, mrad . 


noam_ GOODFYEAR 


THE WORLD’S FINEST, MOST MODERN CUSHIONING 


Airfoam—T. M. The Goodyear Tire & Rubber Company, Akron, Ohio 
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ANNOUNCING 
SERSEAL* 


(trademark) 


a new chemical blanket for hot phosphating baths 


REDUCES FIXED OPERATING COSTS 


BEFORE SERSEAL, steam, vapors and fumes es- 
cape from the bath, make working conditions 
unpleasant, lowering morale. 


8 REASONS WHY=> 


— HOT PHOSPHATE BATH - 


(Thermoil-Granodine) 
PLUS 
SERSEAL NO! 


SERSEAL HAS BLANKETED THE BATH in just 10 
seconds. All steam, corrosive fumes and vapors 


are contained within bath. 


Reduces the cost and time re- 
quired for maintenance of heat- 
ing elements. 

Improves working conditions 
both from a comfort and health 
standpoint. Steam, heat, fumes 
and vapors are contained within 
the bath. 

Saves up to 70% in heating costs. 
Cuts warmup time. The blanket 
prevents heat loss. 


Less corrosion of surrounding 


equipment. Corrosive elements 
are retained in the bath. 

Less equipment downtime. Baths 
require less replenishing. Equip- 
ment requires less maintenance. 
Less exhaust equipment re- 
quired. Since the bath is sealed, 
there is little escape of fumes 
and vapors. And in many cases, 
ventilating systems can be safely 
eliminated. 

Lower chemical cost and also 
less critical control necessary on 
some processes. 


*Patent applied for 


Write us today for complete information about this new cost-reducing chemical blanket for hot phosphating baths 


AMERICAN CHEMICAL PAINT COMPANY [Citmicais 


Ambler 35, Pa. 


PROCESSES 


Detroit, Mich. St. Joseph, Mo. -« Niles, Calif. Windsor, Ont. 


New Chemical Horizons for Industry and Agriculture 


SAE JOURNAL, MARCH, 1958 





It’s your move... BUT PLAY SAFE! 


SELECT GARLOCK MOLDED AND 
EXTRUDED RUBBER PARTS 
FOR ASSURED QUALITY 


You can be sure of consistent high quality when you 
specify Garlock molded and extruded rubber parts. 
Why? Because Garlock has broad experience in com- 
pounding natural and all synthetic rubbers including 
silicone. Whether your problem involves temperature 
extremes, difficult liquids or gases, compression set, 


THE GARLOCK PACKING COMPANY, Palmyra, N.Y. 


abrasion, or tear resistance—-Garlock engineers can 
recommend a material and design best suited for the 
job. Moreover, Garlock manufacturing facilities are 
available for large quantity production of molded and 
extruded parts. 

Molded and Extruded Rubber Products are another 
important part of “the Garlock 2,000” . . . two thou- 
sand different styles of Packings, Gaskets, and Seals 
for every need. The only complete line. That’s why you 
get unbiased recommendations from your Garlock repre- 
sentative. Call him today, or write us about your needs, 


For prompt service, contact one of our 30 sales offices and warehouses throughout the U.S. and Canada, 


Carntocx 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 





DON’T FORGE... 

NOTHING TAKES WEATHER 
SO WELL AS 

STAINLESS STEEL! 


It's one reason why over 50% of all car buyers say that stainless-steel trim influences their buying 
decision. Because stainless beauty is more than skin deep, it is lasting beauty. Stainless-trimmed cars 
bring more in resale. The brightwork stays perfect — never rusts, peels, corrodes. It resists dents, 


scratches, road chemicals, too. And mere soap-and-water washing makes it bright as new. The very 


best stainless steels are made with Vancoram Ferro Alloys. Ask your supplier about the added appeal 


you can build into your cars — with stainless steel! Vanadium Corporation of America, 420 Lexington 
y y Y , 


A j > ew 
Avenue, New York 17, N. Y 


VANADIUM 


(Se. CORPORATION 
ies OF AMERICA 


SAE JOURNAL, MARCH, 1958 





In Canada: Mor 


You may have met the man in the middle— 


He is one of our C/R Sales Engineers. He, or one of 
his associates, may have been in your plant many 
times. Here, he’s shown helping to check the instal- 


lation of a C/R oil seal on a Detroit automotive 


assembly line—after the seal design has been approved 


for production. He wants to make absolutely certain 
this seal is installed correctly to assure maximum 


performance and service. 


This personal supervision of skilled oil seal engineers 
and their careful attention to detail, typify every 
phase of research, design, production and testing of 
C/R Oil Seals. It accounts for the recognition C/R 
has earned in sealing applications. And it is a major 
reason why more automobiles, farm and industrial 
machines rely on C/R Oil Seals than on any similar 


sealing device. 


If you have a sealing problem, critical or simple, bring it to 
Chicago Rawhide. C/R engineers will help you select the correct oil seal 
of existing types or will cooperate with you on a special design. 


¥ ‘ SR Ee e 


Export Sales: Geon International Corp 


*/R PRODUCTS: C/R Shaft and End Face Seals « Sirvene (synthetic rubber 


— ne OIL SEAL 
CHICAGO RAWHIDE MANUFACTURING COMPANY 
1243 ELSTON AVENUE « CHICAGO 22, ILLINOIS 


Offices in 55 principal cities. Se »lephone book 


factured and Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd 
reat Neck, New York 


molded pliable 


CHICAGO 


DIVISION 


parts « Sirvis-Conpor mechanical leather cups, packings, boots « C/R Non-metallic Gears 


RAWHIDE 
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For whatever you make 


NAX HIGH-TENSILE STEEL 
MEANS LIGHTER WEIGHT 


WITH LONGER LIFE 
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Light weight and shallow draft make the ideal com- 
mercial river barge. Thanks to the inherent qualities 
of N-A-X HIGH-TENSILE steel, this river barge designed 
and built by Nashville Bridge Company, Nashville, 
Tennessee, offers a weight reduction in excess of 10% 
over mild carbon steel—plus longer life and increased 
payload capacity with shallower draft. 


Operators like the way weight-saving N-A-X HIGH- 
TENSILE improves barge towing efficiency—less draft 
when loaded; less dead weight to pull when empty. 
That means savings on operating costs all the time. 
And, again thanks to N-A-X HIGH-TENSILE, barge oper- 
ators get more resistance to corrosion. For this 
manufacturing job, like so many others, N-A-X HIGH- 
TENSILE steel provides desirable lightness with greater 
durability and strength. 


This barge, built by Nashville Bridge Company, hauls hot asphalt 
between Baton Rouge and other points along the Mississippi- 
Ohio River system. Both the barge hull and the cargo tanks are 
made of N-A-X HIGH-TENSILE. Weight reduction: in excess of 10% 
compared with mild carbon steel. 
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Check These Important Advantages for Your Job: 
The N-A-X HIGH-STRENGTH steels—both N-A-X HIGH- 
TENSILE and N-A-X FINEGRAIN—compared with carbon 
steel, are 50% stronger e have high fatigue life with 
great toughness e are cold formed readily into diffi- 
cult stampings e are stable against aging e have 
greater resistance to abrasion e are readily welded 
by any process e offer greater paint adhesion e 
polish to a high luster at minimum cost. 


Although N-A-X FINEGRAIN’S resistance to normal at- 
mospheric corrosion is twice that of carbon steel, N-A-X 
HIGH-TENSILE is recommended where resistance to 
extreme atmospheric corrosion is important. 


For whatever you make, from steel shop boxes to steel 
river barges, with N-A-X HIGH-STRENGTH steels you 
can design longer life, and/or less weight and economy 
into your products. Let us show you how. 


NAX 


HIGH-STRENGTH STEELS 


N-A-X Alloy Sales Division, Dept. F-2 


GREAT LAKES STEEL CORPORATION 


Detroit 29, Michigan » Division of 


oo 


NATIONAL STEEL CORPORATION 


N-A-X Alloy Sales Div., Dept. F-2 
Great Lakes Steel Corp., Detroit 29, Michigan 


7} 


|_| Please send me 12-page illustrated technical catalog on 


N-A-X HIGH-STRENGTH steels. 


[_] Please have your representative contact me. 


Name Title 


Company 
Street__ 


ies | Me 
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The new General Electric J79 jet engine 
has the highest thrust-to-weight ratio of 
any aircraft power plant in production. 
The engine is rated in the 10,000-pound 
thrust class. 

Variable stators are used for the first 
time in a flying jet engine, which in a 
mechanically simplified way, and with 
far less weight, accomplish the same 
thing that the dual rotor does in other 
current engines. The device provides a 
smooth flow of air inside the engine and 
eliminates the “stall barrier’ problem. 


HEIM UNIBAL SPHERICAL BEARINGS and ROD ENDS supply the 
exact type of linkage, mounting, and degree of misalignment cor- 
rection required by this engine, and The Heim Company is proud 
of its contribution to the success of the GE J79. 
There are over 200 Unibal Rod Ends assembled with the variable 
pitch stator blade operating levers. 
There are over 50 LS type Unibal Spherical Bearings used as pivot 
points for the inlet guide vanes. 
The bearings which mount the engine to the airframe are three 
Heim Unibal cartridge units. These bearings carry the entire weight 
of the engine and its thrust. 
Other Heim bearings of various types used on this engine bring 
the total to around 500. 
\ \ a ee ee 
The load carrying capacity of Unibal spherical bearings is very high. They are 
applicable in any linkage where motion must be transmitted at constant or vary- 
ing angles. They are ideal as supports to any device which is subject to mechan- 
ical or thermal deflection. 


\ 


MF TE ATA G AVAILABLE SOLD THROUGH THE LEADING BEARING DISTRIBUTORS 


THE HEIM COMPANY, FairFieto, CONNECTICUT 
\ » 
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A famous name in rubber and steel 
strikes a colorful new note in aluminum! 


FIRESTONE now producing 


a 


shionized aluminum 


color-anodized parts and trim for automotive products and home appliances 


Already brightening everything from cars to kitchens! Fashionized aluminum—from Firestone’s 
huge new fabricating facility. Most completely automated in the industry, it combines Firestone’s 
50 years of experience in metal fabrication with its demonstrated understanding of a colorful 
new medium and its countless trim possibilities. It can meet your most exacting specification 
for Fashionized aluminum—from texture to tint, design to delivery date—in mass-produced 
part sizes up to seven feet long. Your inquiries, your inspections and your cost comparisons 
are cordially invited. Write, phone or wire today for full information about Fashionized aluminum. 


FIRESTONE STEEL PRODUCTS COMPANY. AKRON 1, OHIO 


Peal 


Lill a 
Cu : 
A 

—, 


This is Firestone Fashionizing capacity. Each 
of these anodizing racks can easily process a 
full 120 square feet of aluminum at one time! 
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EATON 
PERMANENT MOLD 
GRAY IRON CASTINGS 
ayer! 

Extra Quality 
Into a Long List of 


Distinguished 
Products 


I eading manufacturers in practically every major industry 
have found that the superior structure of Eaton Permanent Mold 
Gray Iron Castings contribute many worthwhile benefits, not 
only in the ultimate quality of the finished product, but in 
manufacturing economies. This is especially true in such fields 
as motor cars and trucks, refrigeration, air conditioning, domestic 
appliances, and hydraulic equipment—wherever a dense, non- 
porous, leakproof structure is a critical requirement. Eaton’s 
advanced production methods, combined with the latest in 
foundry facilities, assure uniformly high quality and the capacity 
to deliver on schedule. 


Engineers of the Eaton Foundry Division have assisted many of 
our customers in casting design and process development. What- 
ever your requirements, our engineers will be pleased to work 
with you. Why not discuss the advantages of Eaton Permanent 
Mold Gray Iron Castings applied to your product? Just write 
or phone—there’s no obligation. 


Check these 
Important Advantages: 


% Dense, non-porous, homogeneous 
structure 


%* Freedom from inclusions 

* Excellent tensile strength 

*% Ability to take a high surface finish 

% Freedom from leakage under 
pressure 

* Intricately cored sections 

* Uniformity of castings 

*% Higher machining feeds and speeds 

* Substantially increased tool life 


Send for Illustrated Descriptive Literature 


E ATS 


FOUNDRY DIVISION 


MANUFACTURING COMPANY 


VASSAR, MICHIGAN 
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For The Sake of Argument 


Imagination .... 
By Norman G. Shidle 


It’s the ability to relate one idea to another that us- 
ually gets one credit for having imagination in busi- 
ness. 


Fortunate is the chap who automatically relates al- 
most any idea that visits him to the specific problems 
he’s facing in his job. But particularly effective is the 
one who sees new configurations every time varied 
ideas converge on his consciousness. 


“Doesn’t he understand all these different phases of 
his job by this time?” a top executive somewhat im- 
patiently asked the supervisor of a competent 10-year 
employee recently. 


“Sure, he does,’”’ the supervisor replied .. . “and he 
understands also the various ideas that keep coming 
in from the outside. But he rarely ties two or three of 
them together into a new approach to his own job. 
That connecting link usually has to be forged for him. 
At best, he will see the application to his own work of 
a single new fact or idea.” 


Remember that time two men from the engineer- 
ing department went to the same SAE meeting, sat 
through the same sessions and committee meetings? 


Jack reported clearly and accurately. He stated 
briefly the facts and ideas he had gotten; made them 
easy to understand. 


Bill did that too. But, in telling the ideas, he wrote 
his own interpretation of what, if anything, each of 
them meant to the engineering department in which 
he was working. He did automatically what the boss 
was bound to try to do when he read the report. 


“Imagination,” Erhardt Koerper says, “is actually 
only putting known ideas together in new combina- 
tions.” 


“The broader a man’s interests and the wider his 
knowledge, the better he will be able to produce new, 
effective combinations.” 


. which is true, IF he is a good “relater.” 
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BENDIX DUO-DUTY AUXILIARY BRAKE 
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Power to hold on grades .. . Power to stop at road speeds 


The Bendix* Duo-Duty auxiliary brake serves the 
double purpose of a positive parking brake and an 
emergency road-speed brake. 

FOR PARKING, the Duo-Duty brake has ample 
torque capacity to keep the braked wheels from 
rolling on any hill or ramp, regardless of how 
steep. 


FOR EMERGENCIES, it has the torque and thermal 
capacity to serve as a dependable stand-by brake 


at road speeds should the main braking system, 
for any reason, fail to work. 


Minimum physical pull at the hand lever, less 
weight, fewer parts, mechanically simple. 


A heavy-duty drive shaft brake that is rugged 
and right .. . built and backed by Bendix. 


*REG. U.S. PAT. OFF. 


BRAKES « POWER STEERING « POWER BRAKING + CONSTANT VELOCITY 
UNIVERSAL JOINTS « HYDRAULIC REMOTE CONTROLS 


Bendix tivisicxs South Bend, IND. 


Export Sales and Service: Bendix International Division, 
205 East 42nd Street, New York 17, N. Y. 
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ERE ARE TODAY about 

! 2700 foreign car dealers in 
the United States, according 

to W. T. Conrad of the New Yorker 
.... and half of them are located 
in five states: California, New 
York, Massachusetts, New Jersey, 
and Pennsylvania. This number 
is exclusive of the Pontiac dealers 
who are now selling Vauxhalls; 
the Buick dealers who are selling 
Opels; the Ford dealers who sell 
the British Ford; and the more 
than 2000 American Motors deal- 
ers who handle the Metropolitan. 


UCLEAR DESIGNS need 
N auto engineers’ help. Cost 

and complexity will be 
greatly reduced when automotive 
engineers are called upon to apply 
their practical knowledge to the 
design and production of nuclear- 
reactor parts and components. 

Although many of the problems 
involved in the design of a nuclear 
reactor are highly complicated, 
SAE nuclear experts say, there are 
plenty that are on a nuts-and- 
bolts level. Moreover, many com- 
ponents are quite similar to ones 
with which the automotive indus- 
try is already familiar. And it is 
in this very area that the theoret- 
ical physicist is lacking in knowl- 
edge and experience. 

The physicist understands the 
nuclear specifications, but he 
doesn’t know, for example, how to 
design a good pump. The engi- 
neer who has been designing 
pumps for years can easily learn 
to produce designs that meet the 
exacting requirements of the nu- 
clear field. But he would also 
make sure that they conformed to 
accepted design practice, used the 
maximum of standard parts, and 
could be produced by modern pro- 
duction methods at minimum cost. 
The engineer has a similar con- 
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from SAE meetings, members, and committees 


tribution to make in the design of 
other components. The control 
mechanism of an atomic subma- 
rine, for example, is remarkably 
Similar to an automatic transmis- 
sion. 

The fabrication of costly and 
ticklish-to-make nuclear fuel ele- 
ments from uranium and stainless 
steel or aluminum could be greatly 
improved by taking advantage of 
the production experience of engi- 
neers in the manufacturing field. 


RGUMENTS ABOUT MAK- 
ING FLUID SEALS compati- 
ble with lubricants are cur- 

rently in about the same state as 
were engine-fuel relationships 
many tears (Ed. note: Not a typo- 
graphical error) ago. Must the 
seals be altered to handle existing 
lubes ... or must lubes be made 
available to work with existing 
seals? SAE F&L subcommittee- 
men, working with CRC, ASTM, 
and others on the problem, incline 
to the belief that—as happened 
with engines and fuels—the an- 
Swer will be: “A little bit of both.” 
One horn of the dilemma, ap- 
parently, is the necessity of the 
same lube mecting many other- 
than-seal requirements at the 
same time. 


AMJETS OPERATING AT 
MACH 10 may be under ex- 
periment by the Russians, 

it was revealed at the inaugural 
meeting of the SAE Science-En- 
gineering Advisory Committee. 
There is also a possibility, it was 
reported, that the Russians have 
materials capable of operating at 
temperatures of 1000 deg above 
anything available in this country. 

It was pointed out that the Rus- 
sians are carefully scrutinizing 





and communicating scientific and 
engineering information pub- 
lished in this country. 

For instance, the Russians are 
said to be able to rush hot tips and 
newsworthy information on Amer- 
ican technical developments to all 
key engineering and _ scientific 
groups in Russia on a fairly regu- 
lar basis. This work is accom- 
plished by a full-time staff of 2300 
specialists at the Soviet All-Union 
Institute of Scientific and Techni- 
cal Information, plus 20,000 scien- 
tists and engineers, who serve as 
part-time abstractors and trans- 
lators. 


NTRODUCTION of an all-alu- 

minum engine, fitted with in- 

jection systems, lies in the 
near future, Dr. C. G. A. Rosen 
reported recently to SAE’s Texas 
Gulf Coast Section. 

New methods of die-casting, 
either by high pressure pouring or 
by gravity-casting to near-pre- 
cision dimensions, Rosen says, has 
lowered the cost of fabricating 
aluminum crankcases and cylinder 
heads. It has also permitted the 
application of magnesium parts, 
such as covers and brackets. 

Tooling for machining alumi- 
num has reached the status of 
woodworking machinery speeds 
and cutting velocities. So, the in- 
troduction of all-aluminum en- 
gines will permit cost reduction, 
somewhat increased hp per cu in., 
weight savings in engines and cars 
(thus reducing inertia loads and 
braking problems). 

Some slight octane gain may 
also be realized, Rosen believes. 
The 12:1 compression ratio pro- 
duction engine—which will show 
a rise in efficiency of 16% over a 
7:1 compression-ratio engine—is 
generally thought to be just around 
the corner. 







PPPBPLIPPRLIDLIIPLLLIL ISL, OPPIPLPLL LP LL IPPIPDEDDLPELE LPP LPPIPRPIPI PIPL IIIS LL ISLE ILE PEL POPPE PP PDIP 


How to Produce 


Excerpts from paper by 


R. S. Frank, 


Caterpillar Tractor Co 


OLLEGE teaches a man the engineering funda- 

mentals. Industry has to teach him to apply 
those fundamentals to practical machines. In the 
process, he must learn: 


@ To get along with people. 

e To sift and analyze data and ideas. 

@ To reach the best compromise of all 
factors involved. 


In the industry “teaching” done at Caterpillar, the 
potential design engineer is not tied down to his 
desk. He gathers information from a great many 
sources. He works with technical people, production 
people ... with sales, service, and purchasing people. 
BUT, his desk is the base of his operations. Whether 
calculating, drawing or whatnot, he spends the bulk 
of his time at his own desk. 

To be able to get along with people, sift and ana- 
lyze data, and reach the best compromise imposes a 
very real and severe burden on a design engineer— 
and he must have the temperament to stand it. He 
has to do creative work under constant pressure. He 
has to produce results in whatever area he is work- 
ing. Not all engineers are fitted for or can stand this 
type of activity. For those who can’t, there are 
many areas other than design where their particular 
talents can be used and are vitally needed. 

Ability to weigh opinions carefully .. . and judge 
each fact in relation to all the facts—is a prime re- 
quirement for a successful design engineer. Only 
with these abilities can he arrive at the best com- 
promise—the end point of every practical design 
effort. 

So, our designer must be a logical, orderly thinker 
with ability to apply himself wholeheartedly to the 
job. He must have great ability to handle infinite 
detail, to make sure that all parts are correctly de- 
signed to fit precisely. He must make sure also that 
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they are made of the best material; that each part is 
integrated with the whole. 

Edison’s statement that success is 1% inspiration 
and 99% perspiration is definitely true in design en- 
gineering. Caterpillar has recognized that fact in 
procedures worked out to orient young design engi- 
neers and to supplement their technical training 
with practical experience. The basic approach at 
Caterpillar for young engineers destined to be asso- 
ciated with the creation of new designs, the activi- 
ties needed to direct their testing, the handling of 
manufacturing, and the correction of such service 
problems as may arise, is as follows: 


1. One week of orientation—to get acquainted 
with plant, procedures, organizations, and so on. 

2. Tractor plant—one week—visits plants, 
hears lectures, and the like. 

3. Engine plant—one week. 

4. Earthmoving equipment—one week. 

5. Machine tools—one week. 

6. Fabrication (weldments, and so on)—one 
week. 

7. Foundry—one week. 

8. Research—three weeks—work on engine, 
transmission, or track test, in applied mechan- 
ics, and so on. 

9. Proving ground (vehicle and equipment 
lab)—four weeks—operating equipment, con- 
ducting tests, measuring performance. Labora- 
tory techniques and instruments are used to de- 
velop product. 

10. Service claims room—examining returned 
material, failed parts, and so on. 

11. Engineering—in engineering he will be 
given real problems to solve to show him how the 
engineering department functions. 


When the new engineer joins the engineering de- 
partment we like to start him out making some 
drawings. Actually, drawings and specifications are 
the product of the engineering department. It is 
from them that the iron is made and controlled and 
the engineer must have a thorough understanding 
of drawings. We would like to have everyone make 
detail drawings for some months, as in that way he 
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learns the importance of precision and complete- 
ness. All the information needed to make a part is 
on the drawing; dimensions, surface finish, material 
hardness, heat-treating process, and fabricating 
techniques. From such work the engineer learns 
whether to forge, cast, or fabricate a part, what ma- 
chining process is applicable, what tolerances can 
be held and a host of important items of informa- 
tion. 

Unfortunately, our need for engineering talent is 
so great that we let our new man spend very little 
time on detailing. If he is going to stay in design he 
is going to have to learn all of these things, but he 
generally has to learn them while he is actually 
making designs, which he goes into very quickly. 
He will be given small designs to work out and in the 
process of working out the design of say a water 
pump or valve train, will get into the calculation of 
the impeller and passageway or in a valve train, 
inertia forces, cam shapes, spring loads, and so on. 

Right here begins another aspect of our young 
man’s education. He will need help as to how to 
approach each problem. First, in being given a 
small design to work out he will be given what is to 
be done, where it is to fit, references, and so on, by 
his supervisor. His supervisor is available also for 
consultation at any time under the job. Beyond 
that, however, he will be told where to go to get more 
information. 

Again, the period of time that he can sperd on ac- 
tual design has to be cut short, but he will have 
learned how to go about solving the design problem 
and will have had the satisfaction of seeing some- 
thing, however small, that he created in his mind 
and translated to paper turned into iron and func- 
tion as part of a machine. 

By now our young man knows his way around the 
organization and he may go any one of several ways. 
He may be assigned the job of following, or directing 
the test program on a new engine or tractor compo- 
nent. To put a new engine in production a lot of 
points must be evaluated in as short a time as pos- 
sible and the work of a great many people coordi- 
nated. This is further training in working with 
people and getting along with people. (Any engi- 
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neer who hopes to get into supervision must be good 
at this.) 

He may go into product engineering work, han- 
dling problems that arise in manufacturing. Such 
problems are continuous and can be big or small. 
They may involve working out proper machining 
method to get proper surface finish, a heat-treating 
procedure to improve fatigue life, limits and charts 
to guide the inspection department on what magna- 
flux indications can be tolerated, or a host of other 
things. All the engineer’s basic knowledge and re- 
sourcefulness are needed. He learns a great deal in 
practical areas in solving the many problems. 
Again, note that he deals with and through people. 

He may work on cost reduction designs, which call 
for a deep study of materials and manufacturing 
methods, or he may work on solving problems occur- 
ring in the field, or development for production of 
new and improved components such as air cleaners, 
turbochargers, clutches, or what have you. 

He may go into specialized fields of vibration anal- 
ysis, gear investigations, or stress analysis of com- 
plicated parts. 

Each young engineer will spend time in several of 
these fields. While he is getting acquainted with the 
company’s products, management is getting ac- 
quainted with him and his capabilities. By this 
time, it will be known whether he is best fitted for: 


@ Supervision and eventual administrative 
work, or 

@ Technical specialist to follow the techni- 
cal phases in a special field, or 

e@ A: special project, or 

e@ For staff work to advise an administrator 
in technical fields. 


All of these areas are essential fields of activity, 
and can lead to equal satisfaction and compensation. 

A real challenge faces the young engineer today 
to develop his talents and personality to the well- 
rounded individual needed to direct in any one of 
several ways the design and development of ma- 
chinery. 


To Order Paper No. $37... 
...on which this article is based, turn to page 5. 
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Design, construction, 


and performance of the... 


Fig. 1—Styling of the Citroen DS-19 was done 
by the French sculptor Bertoni, who is quoted 
as saying ‘|! was inspired by an aquatic fowl.” 


Citroen DS-19 Engine Specifications 


Cylinders 
3.07 x 3.94 


Displacement, cu in. ........... 116.6 


Bore and Stroke, in. . 


Compression Ratio 
75 at 4500 
. 101 at 3000 


24/30 DCLC 
24/30 EEAC 


Bhp and Rpm . 
Torque and Rpm .... 


Carburetor: Weber . 
or Zenith .. 


Main Bearings 
Journal Diameter, in. ......... 2.126 
Crankpin Diameter, in. 


Piston Pin Offset, in. ........... 0.0394 
Intake Valve Diameter, in. ...... 1.654 
Exhaust Valve Diameter, in. ..... 1.457 
nt oe winbea 0.321 
Valve Timing, deg 3-45-45-11 
Engine Weight, Ib 


Citroen 


nm paper by 


John R. Bond 


Road & Track 


ITROEN of France introduced an entirely new 
automobile in 1934, advertising it as the car “20 
years ahead.” This was the first front-wheel-drive 
Citroen. It featured a unit frame and body and tor- 
sion-bar suspension all around. That this model 
was continued, relatively unchanged until 1955, at- 
tests to the accuracy of the original slogan. 

The late Andre Citroen was a personal friend and 
great admirer of the first Henry Ford, which may 
account for the Citroen of 1934 to 1955 having style 
features which made it resemble a lowered 1933 Ford. 
By 1955, the powerful French motoring press clam- 
ored for a new and up-to-date Citroen, despite the 
factory’s inability to satisfy postwar demand. All 
France vied in predicting the appearance and speci- 
fications of the anticipated model. 

The DS-19 was introduced at the Paris Show in 
the fall of 1955. The letters stand for Désirée 
Speciale, the 19 being of significance only to the 
experimental department. The phonetic sound of 
the letters DS (approximately “day-ess” in French) 
is the same as the French word for goddess (deésse), 
and this name has become the accepted model desig- 
nation. The DS-19 continues the front-wheel drive. 
The trademark of two chevrons, adopted originally 
because of the firm’s interest in and use of herring- 
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bone gears, is also continued, although the DS-19 
has no herringbone gears. 


Appraisal of the Package 


The styling of the DS-19 is illustrated by Fig. 1. 
The front-wheel-drive design makes for a very logi- 
cal and practical package. A longitudinal cross- 
section of the car (Fig. 2) shows excellent space 
utilization. Within an overall length of 189 in. 
(20 in. less than the average of our three most popu- 
lar cars) we find comfortable chair-height seats, 
more leg room, no floor tunnel intrusion, ample lug- 
gage capacity, and a fore-and-aft weight distribu- 
tion which is favorable for good riding and stability. 
The very long wheelbase (123 in.) contributes to a 
good ride and gives very modest front and rear over- 
hang with favorable angles of approach and depar- 
ture. Comparison of dimensions of the DS-19 with 
those of one of our most popular, comparable sedans 
is given in Table 1. 


Front-Wheel Drive 


The front-wheel drive combined with a close- 
coupled power unit assembly is primarily responsible 
for the excellent seating layout. But as with rear- 
engine, rear-drive layouts it puts a very large per- 
centage of the total weight on the driving wheels. 
Of the two arrangements, the front-wheel-drive 
weight distribution is more favorable, giving inher- 
ent stability and understeer. Moreover, on a car 
such as this, with over 40 lb per hp, the loss of 
traction due to weight transfer is not too serious 
during level road acceleration or on steep grades. 
Weight distribution varies with passenger load as 
follows: 


Front, % Rear, % 


At Curb (2720 Lb) 65 35 
Two Passengers 64 36 
Four Passengers 60 40 


The “traction avant” car is popularly supposed to 
be able to take corners at a much higher speed than 
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a real-wheel-drive car. Actually, there is no im- 
portant difference. The front-wheel drive feels bet- 
ter to the average driver because application of 
power tends to increase the understeer, whereas with 
rear-wheel drive it promotes oversteer. In either 
case, additional power compromises the pertinent 
tire’s cornering power, and ‘eventually both will leave 
the road at the same speed. The heavily loaded 
front end of the DS-19 carries larger tires than the 
rear. 

The usual complaints of front-wheel-drive steer- 
ing “feel” have been completely overcome by using a 
vertical kingpin with no offset (true center-point 
steering), constant-velocity universal joints, and 
power steering. There is no shake at low speed un- 
der power when the wheels are cramped, and no 
perceptible change in steering wheel rim pull be- 
tween power-on and power-off in either slow or fast 
bends. 

Mechanical Design 


The powerplant is a further development of the 
1934 model big 4. Wet cylinder sleeves which seat 
on individual gaskets at the bottom of the water 
jacket are continued. The cast-iron cylinder head 
with in-line valves push-rod operated via a cam- 
shaft located high up in the crankcase has been 
replaced by a cast-aluminum head incorporating 





Fig. 2—Long wheelbase and front-wheel drive give the Citroen DS-19 
excellent space utilization. Chair-height seats, generous leg room, no 
floor tunnel intrusion, ample luggage capacity, and fore-and-aft weight 
distribution making for good riding and stability, are main features. 





Table 1—Comparison of Dimensions of Citroen DS-19 
and Popular, Comparable American Sedan 


DS-19 CarC 


Wheelbase, in. 123 117.5 » 
Length Overall, in. 189 209.1 
Curb Weight, Ib 2720 3625 
Weight on Driving End, % 65 48 
Platform Length, Dash to Back 
of Rear Seat Cushion at Trunk 
Floor Level, in. 88 86 
Front Seat Cusion 
Width, in. 51 56 
Height, in. 15.7 10.8 
Depth, in. 
Rear Seat Cushion 
Width, in. 54 59 
Height, in. 15.7 13.0 
Depth, in. 20.5 18.4 
Knee room, in. 13.6 12.0 
Approach Angle, deg 30 19 
Departure Angle, deg 28 12 





| Citroen DS-19 
continued 


hemispherical chambers with inclined/lateral valves. 
With a compound (dual throat) carburetor and com- 
pression raised from 6.5/1-7.5/1, the peak power 
has been increased from 56 bhp at 4250 rpm to 75 
at 4500. 

The clutch is a conventional single-plate type 
with 8.5-in. diameter and six cushion springs in the 
driven disc. Noteworthy is the considerable weight 
and mass of the flywheel, and the added cushioning 
effect of the torsion-type main drive shaft to the 
transmission, there being no long propeller shaft. 

The transmission continues to be indirect in all 
gears and now has four forward speeds instead of 
three. Two large aluminum castings are used, split 
on a vertical-transverse line at the center of the 
differential. The rear casting houses the flywheel 
and clutch, the front being the transmission gear 
case. All driving gears except reverse are helical 
and the upper three forward speeds are synchro- 
nized, the size of the second-speed cones being ex- 
ceptionally large. The lower shaft of the transmis- 
sion is integral with the spiral bevel pinion, which 
has nine teeth and drives a 35-tooth ring gear (3.888 
ratio). Transmission tooth numbers give the fol- 
lowing overall ratios: first—13.79, second—7.34, 


third—4.77, fourth—3.31, reverse—16.01. 

The differential is a conventional 4-pinion type 
supported on each side by a piloted cast-iron hous- 
ing. Inboard carrier bearings are tapered rollers, 
while the outboard bearings are radial ball bearings. 


The short shafts carrying the brake discs are upset 


with integral flanges. The inboard universal joints 
bolt to this flange and are unusual. Drive is taken 
through a large diameter sleeve with internal splines 
which provide the necessary accommodation for 
changes in driveshaft length without “spline-bind” 
problems. 


Independent Suspension System 


Independent suspension is used front and rear. 
A conventional geometry at the front puts the roll 
center at ground level. Fig. 3 shows a cross-section 
through the front wheel. The design is of unusual 
interest because of the wheel bearings which con- 
sist of two angular contact ball bearings having an 
ID of no less than 4.63 in. The suspension ball joints 
seat on bronze inserts but are retained by steel forg- 
ings which are, in turn, fastened to the nonrotating 
carrier by two cap-screws each. The upper forging 
has an extension which serves as a steering arm. 


All spring loads are taken by the upper ball via 
the compression-loaded bronze seat. In place of 
wishbones we find a pair of identical forged arms of 
considerable size with a right-angle bend terminat- 
ing in tapered spindles with opposed roller bearings. 
The upper arm pivot has a splined extension which 
drives a multipurpose rocker arm, used for actuating 
the spring unit and the antiroll bar, and as bump 
and rebound stops. 

At the rear a single trailing arm is used, welded 
up from a forged steel spindle similar to the front 
pivot, a straight tube and a wheel bearing carrier. 
A torsion-type antiroll bar runs directly across the 
rear. 

Steering is by rack and pinion with hydraulic 
power assist. The pinion has seven helical teeth 





Fig. 3—Cross-section of 
front wheel showing the 
two angular contact ball 
bearings which have an 
ID of no less than 4.63 
in. 
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Fig. 4—Brake control 
system of the DS-19. A 
pressure line runs from 
the rear pair of suspen- 
sion units to cylinder 
(32). The piston (41) 
controls the position of 
a proportioning roller so 
that the rear brakes do 
more work as the rear 
end load is increased. 


42 39 





and is supported on each side by angular contact 
ball bearings. The rack is machined from round 
bar stock and a piston-type damper is forced against 
the back surface of the rack by a coil spring. Steer- 
ing connections are taken off at the center of the 
chassis via two short tie rods to a pair of idler arms, 
one on each side. The idler arm shafts are also sup- 
ported on angular contact ball bearings, and two 
additional tie rods provide the final connection to 
the steering wheel arms. The overall steering ratio 
is 12/1, giving 3.1 steering wheels turns lock to lock 
for a turning circle of 38 ft left and 37.4 ft right. 
Glaenzer-Spicer double universal joints used at the 
wheel give constant velocity with an angular capac- 
ity of over 40 deg. 


Frame and Body 


The DS-19 frame comprises a steel underbody 
structure with box section side rails 7-in. deep at the 
center post attachment point. Additional stamp- 
ings form a complex cowl structure which extends 
forward to carry the engine and front suspension. 
The front and rear body pillars are rather light but 
are tied together with formed steel structural mem- 
bers at both ends and along the roof edges. Door 
windows are unframed and the main roof panel is 
fiberglass. Nevertheless, the torsional rigidity is 
given as 5200 ft-lb per deg and the weight is 636 lb 
for the complete shell including floor, cowl, rear 
quarters, trunk, and roof, but excluding doors, seats, 
trunk lid, and fenders. 


Hydraulic System 


The DS-19 is generally described as having one 
central hydraulic system consisting of a single high- 


pressure pump and accumulator. The firm is reti- 
cent regarding details. There is little information 
about the high-pressure pump, which is a sealed 
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unit serviced by complete replacement on an ex- 
change basis. However, it is known to be a 7-cyl, 
wobble-plate type, capable of a peak pressure of 
2400 psi. This unit is driven by a single V-belt at 
camshaft speed and is supplied with Antar FH 6 
or Lockheed HD 19 fluid from a reservoir holding 
1.58 gal. 

A seldom mentioned low-pressure pump is a part 
of the engine water pump assembly. It is a rotor- 
type with spring-loaded seals on each side and ample 
overflow drains to keep fluid from the engine cooling 
system and vice versa. The low-pressure system 
gets its fluid from the one main reservoir, otherwise 
it is wholly independent. Its sole function appears 
to be as a governor to control clutch engagement in 
first gear and reverse. The clutch starts to engage 
at 750 rpm and is fully engaged at 850 rpm. Once 
the car is underway, initial movement of the shift 
lever effects clutch disengagement while a throttle- 
controlled check valve assembly governs the speed 
of engagement. A complete shift cycle, including 
clutch action, takes 3 sec with a shift pressure of 
425 psi initially, 710 psi at the synchronizing point, 
and 2400 psi to complete the job. Clutch cylinder 
actuating pressure is 697-981 psi. 

The high-pressure system also supplies the serv- 
ices of braking, steering, suspension, and clutch con- 
trol. The front brakes are inboard with clamping- 
type shoes, similar to our “Tru-Lay” emergency 
brake system for trucks. The linings are roughly 
sector-shaped with 42.2 sq in. area. At the rear are 
two conventional 10-in. diameter drums, giving a 
total of 38.8 sq in. of lining area. The front shoes 
have an automatic ratchet-type adjusting mecha- 
nism actuated by the mechanical linkage for park- 
ing. Front and rear brakes are independent, each 
with its own accumulator. The control system is 
shown in Fig. 4. The unique feature here is the 


31 





| Citroen DS-19 
continued 


method of varying the proportion of effort, front 
and rear. A pressure line runs from the rear pair 
of suspension units to a cylinder numbered 32. The 
piston (No. 41) controls the position of a proportion- 
ing roller in such a way that the rear brakes do more 
work as the load increases (by adding passengers or 
luggage). 


Details of Hydropneumatic Suspension 


Front and rear major parts of the hydropneu- 
matic suspension unit (Fig. 5) are interchangeable. 
The hydraulic portion of the “spring” consists of a 
long-skirted piston with a bore of 1.375 in. The 
hydraulic cylinder communicates with a sphere hav- 
ing an inside diameter of 3.94 in. This sphere is 
divided in the middle by a rubber diaphragm. The 
hydraulic side of the sphere retains the fluid; the 
trapped side is sealed with nitrogen gas. A 2-way 
restrictor valve provides the damping action for 
jounce and rebound. 

Initial gas pressures, front and rear, are 839 and 


Table 2—Citroen DS-19 Performance 
(Test Weight 3070 Ib) 


Perform- 
ance 
Factor, 
cu ft 
ton- 
mile 
43.3 57.1 150 
5000 62.5 82.5 210 
Second 57 5500 96.5 127 330 
First 30 5500 183 238 470 


Fuel Consumption: 24-28 mpg 


Maxi- 
mum 
Speed 


Mph Rpm 
A ceeeeemnemmnn 


Pull, Mph/ Grade, 


N/V Ib/ton Sec % 


Fourth 88 
Third 80 


3800 


Fig. 5—Hydropneumatic 
suspension of Citroen. 
Hydraulic portion of the 
spring consists of a long- 
skirted piston. The hy- 
draulic cylinder commu- 
nicates with a sphere N= 
which is divided in the “Ye 
middle by a rubber dia- _ 
phragm. The hydraulic 

side of the sphere re- 

tains the fluid; the 
trapped side is sealed 

with nitrogen gas. 


370 psi, respectively. The spheres are not service- 
able in the field. When the engine is running with- 
out load in the car, the high-pressure system sup- 
plies fluid to the struts at pressures of about 1200 
and 750 psi, respectively. The exact pressure is gov- 
erned by the leveling control valves (one in front, 
one at the rear), while a manual control permits 
raising the vehicle for extra ground clearance or 
tire changing. Tire change is effected by raising 
the car, placing a prop stand under the appropriate 
side, and lowering the pressure. The.suspended side 
then raises its wheels off the ground by virtue of the 
torsion antiroll bars. 

Ride frequency lies somewhere between the cur- 
rent air springs and conventional steel springs. No 
attempt has been made to reduce pitch by front-to- 
rear metering, probably because the front end 
weight bias and long wheelbase made it unnecessary. 
Likewise, roll angle control is confined to the torsion 
bars at each end. 


Performance 


With a curb weight of 2720 lb and engine displace- 
ment of 116.6 cu in., acceleration is not competitive 
with American cars. However, the four well-chosen 
gear ratios can give brisk performance. The maxi- 
mum speeds in each gear are quite high and the 
engine is smooth and quiet, even at over 4000 rpm. 
Fourth gear is indirect and virtually an overdrive. 
In this gear the performance factor is only 57.1 cu 
ft per ton-mile, but third gear, quite satisfactory for 
city driving, gives 82.5 cu ft per ton-mile. The 1958 
Ford with its 352 cu in. engine, 2.69 axle ratio, and 
loaded weight of two tons gives 103 cu ft per ton- 
mile. To reduce this performance factor to the 
Citroen’s, the Ford axle ratio would drop to 1.49/1. 
The DS-19 performance data are summarized in 
Table 2. 


To Order Paper No. 10A... 
...on which this article is based, turn to page 5. 
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Analog Vibration Data Reduction 


. simplifies test equipment and part design. 


Based on paper by e E. Crede, Barry Controls 


T PRESENT the single-degree-of-freedom analog 
is the most used analytical tool for establishing 

the validity of shock tests. This is because it meas- 
ures the severity of a shock by its ability to cause 
damage. 

Damage to the designer is when the allowable 
stress is exceeded. The mechanical or electrical 
type of analog measures the strength of the shock 
at different frequencies in terms of the maximum 
stress produced. A plot of these data gives a “shock 
spectrum” which can be used as a guide in construc- 
tion of simulated laboratory equipment or the actual 
design of components. 

A simple mechanical analog is shown in Fig. 1. 
It can be a box with a mass held in it by an effec- 
tively weightless beam. The natural frequency and 
damping of the system can be varied at will. The 
box is held against a vibrating part and the maxi- 
mum relative displacement of the mass is measured. 
If the beam is weightless, the maximum displace- 
ment, the maximum acceleration of the mass, and 
the maximum stress in the beam will all be propor- 
tional. A measure of expected stresses is thus avail- 
able from a displacement or acceleration reading on 
the analog. 

A part being designed can be examined for reso- 
nant frequencies and stresses associated with those 
frequencies. The most severe limitation of this 
method is the assumption that the part acts only in 
a single-degree-of-freedom. Analogs of greater- 
than-one-degree-of-freedom have been investigated 
but generally useful results have not been worked 
out. 

An example of shock spectra developed from ac- 
tual accelerations encountered due to gunfire in an 
airplane is shown in Figs. 2 and 3. In Fig. 3 the 
high acceleration response occurs at a frequency 
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Fig. 2—Actual oscillogram acceleration traces resulting from gunfire in 


an aircraft. 
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Fig. 1—Simple me- 
chanical analog. Beam 
frequency is changed 
by varying its length. 


greater than the rate of gunfire and is probably due 
to the natural frequencies of structures adjacent to 
the guns. From Fig. 3 the designer can tell if he can 
mount his equipment directly or if vibration isola- 
tors are needed. 

Fatigue life can also be estimated by the analog 
technique. A distribution graph of the number of 
times a range of accelerations were reached at each 
given frequency can be plotted. If there is a marked 
drop in occurrence from the maximum acceleration 
to the lower accelerations, fatigue failure will prob- 
ably not occur. 


To Order Paper No. 199... 
. on which this article is based, turn to page 5. 
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Fig. 3—Shock spectra derived from oscillograms shown in Fig. 2, A 
damping ratio of 0.05 was used in the analog which reduced the data. 
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methods produce cores 


for Tubular Fuel 


T. F. Nagey 


AF 


UBULAR fuel elements have been successfully 
fabricated using cores produced by six different 
methods. Three of these produce a dense sheet, 
which is formed into a seamed tube. The other 
three produce a seamless tube directly. The meth- 
ods are: 
1. Seamed tubular cores: 
(a) Cold compacting and sintering of powders. 
(b) Powder rolling and sintering. 
(c) Powder sintering and rolling. 
2. Seamless tubular cores: 
(a) Compact extrusion of a slurry. 
(b) Pressed powder bushings. 
(c) Dry casting of powders. 
(In all cases, one starts with a mixture of stain- 
less-steel powder and UO, powder.) 
From the standpoints of reproducibility, control, 
and integrity of product, no one technique appears, 


at present, to be superior to the others in all respects. 
Evaluation of the processes is being continued. 


Seamed Tubular Cores 


(1) Cold Compacting and Sintering of Powders— 
Blended mixtures of SS—UO, powders are loaded 
into a rectangular steel die and pressed at 50 tons 
per sq in. The pressed compact is then sintered in 
dry hydrogen, achieving a sintered density of 87-- 
90% of theoretical. The compact is given a series of 
cold rolling and annealing passes to produce full 
density and final thickness. The resultant strip is 
annealed and cut to width. Next, a cold-forming op- 
eration makes a seamed tube. The major disadvan- 
tage of this technique is the limited length that can 
be achieved because of die and press capacity. 

(2) Powder Rolling and Sintering—In order to 
make 24-in. long tubular cores, experimental work 
was done using the powder rolling technique for 
forming long lengths of green SS—UO, strips. 

A vertical rolling mill is used to roll green strip 18 
ft long. These green strips are carefully cut to 20-in. 
lengths and are sintered for one hour in dry hy- 
drogen. These strips are then given a series of 


Fig. 1—Stages in forming seamed tube from strip. 
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Elements 


cold-rolling and annealing passes 
for densification, elongation, and 
achievement of required thickness. 
The strips are then trimmed and 
formed into seamed tubular cores, 
which are, in turn, fabricated into 
fuel elements. Fig. 1 shows the 
steps in forming a seamed tube 
from a sheet of SS—UO, prepared 
by the powder rolling technique. 
At each end can be seen what is 
“dead end” material, which is of 
SS. This is required for subse- 
quent welding of the element ends. 
The greatest disadvantage of us- 
ing powder rolling is material 
losses during the operation, that 
is, uncompacted powders which 
have to be salvaged by some re- 
processing technique for possible 
further use. 

(3) Powder Sintering and Roll- 
ing—In order to make long cermet 
strips without material loss, an 
unconventional powder metallur- 
gical technique was utilized. This 
method takes advantage of the ex- 
tremely good sinterability of the 
uncompacted cermet. A blended 
mixture of SS—UO, powder using 
an optimum particle size distribu- 
tion is placed in an SS boat coated 
with a zirconia wash, and sintered 
in dry hydrogen. Briquettes of 
controlled height, weight, and 
length are thus made with 67% of 
theoretical sintered density. The 
briquettes are then given rolling 
and annealing passes to achieve 
full density and required thick- 
ness. Trimming and forming into 
a seamed tube are done as de- 
scribed previously. 


The resultant tubular cores are 
comparable to powder rolling types 
except for excessive amounts of 
oxide stringering due to the cold 
work required for full densifica- 
tion. The improvement of the 
original sintering step should re- 
sult in better working of the strip 
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Martin Reactor Features 


High Heat Output, Burnup 


BURNUPS UP TO 41.7% are revealed for the — 


U-235 contained in the core of the tubular fuel ele- 


- ments used in a small portable packaged nuclear ~ 


power station. 


This Martin power reactor also increases oper- 


ating power by as much as 50% over that of a typi- 
— Cal flat plate element, due to increased heat trans- 


fer surface. 


= The tubular fuel elements (shown in the illus- 
= tration below) which consist of a UO:-stainless- 
— steel core, clad with stainless steel inner and outer 

- tubes—must be manufactured to very exacting re- 


quirements. Reason: so that there is no chance of 
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fission products escaping into the coolant or of the — 
= fuel materials being corroded by the coolant. 


- Techniques for producing the cores for these — 
= tubular fuel elements are described in the accom- 


panying article. 


Outer Cladding —_.______ 


= = (Standard Tubing) 


Inner Cladding 
(Standard Tubing) 





Fig. 2—Grain growth across 
seam of tubular element— 
cross-sectional view. 


Fig. 3-Components of compacting extrusion die. 


Fig. 4—Bushing die, 
punches, and pressed 
bushings. 
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and eliminate the oxide stringering by reducing the 
amount of working required to densify the strip. 

Photomicrographic cross-sections of completely 
fabricated fuel elements show that there is some 
bonding at the seamed joint (see Fig. 2). Severe 
thermal shocking of completed elements made from 
seamed cores has indicated the possibility of the 
seam being a weak spot. Therefore, development 
effort and time were expended on perfecting tech- 
niques for making a seamless tubular core. 


Seamless Tubular Cores 


(1) Compact Extrusion of a Slurry—The initial 
approach to making a seamless cermet tube was by 
conventional ceramic extrusion techniques. A water 
soluble, organic binder (Methocel) was added to the 
blended steel-UO, powders to form a slurry. At- 
tempts to extrude the slurry using an extrusion press 
and die were not successful. 


Tearing and pockets on the surface due to escape 
of entrapped gases, and buildup due to friction gave 
a poor product. It was also difficult to control mois- 
ture content of the slurry. A die has, therefore, been 
designed to compact and extrude a slurry using the 
load from a hydraulic draw bench. The die consists 
of mandrel, ram, die body, and bottom section. 

Fig. 3 shows the components. The mandrel and 
ram are threaded so that they can be assembled to- 
gether. The bottom section slips into the die body, 
with the ram and mandrel seated in the die and ex- 
tending through the bottom section to engage the 
draw bench jaws. After loading the slurry into the 
die body, the sections are assembled and drawn in 
the draw bench until a predetermined load is ob- 
tained. This results in compaction of the slurry. 
The bottom section is then withdrawn and the man- 
drel is pulled through the die body carrying the tube 
and ram through the draw bench opening. The 
mandrel is then detached from the ram and the 
compacted-extruded tube is slipped off the mandrel, 
dried, and sintered. 


The sintering operation is followed by a series of 
swaging and annealing operations to densify the 
tube and achieve final dimensions. The resultant 
seamless tube is assembled with its inner and outer 
wrought cladding, and fabricated into a fuel ele- 
ment. Several 12-in. long elements have been suc- 
cessfully fabricated by this method. 

(2) Pressed Powder Bushings—Another technique 
consists in the use of prepressed compact bushings 
containing the blended cermet powders. The prod- 
uct is a ring % in. high with a 0.0350-in. wall and 
0.350-in. outside diameter. Fig. 4 shows the com- 
pacting die, punches, and bushings as compacted. 
After compacting, the green bushings are assembled 
on a high-temperature-steel mandrel threaded at 
both ends. Nuts are used to apply a small amount 
of pressure at each end of the mandrel so that all the 
bushings are in contact. 


After assembly, the bushings are sintered in dry 
hydrogen at elevated temperatures for densification, 
and to achieve some small amount of bonding of 
bushing to bushing. The sintered bushings are 
placed on another mandrel and worked to achieve 
densification and to permit flow of metal from bush- 
ing to bushing. A series of working, annealing op- 
erations thus achieves a seamless-type core fully 
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dense and to final dimensions. The core is then as- 
sembled with its inner and outer cladding and fabri- 
cated into an element. Fig. 5 shows a longitudinal 
section of such an element. The seam between two 
bushings has disappeared and bonding to the inner 
clad is seen, while the outer clad is not bonded to 
the bushings. The triangular void is the result of 
the rounded corners of the die which remain from 
the original compacting operation. This technique 
puts no limitations on the size of core that can be 
achieved. There is a minimum amount of waste 
material and the pressing operation can be made 
automatic so as to make the core production some- 
what economical. 

(3) Dry Casting of Powders—First, a steel man- 
drel is coated with a thin film of zirconia. Next, a 
stainless-steel bushing, to be used as a spacer, is 
fitted over the mandrel, and then a thin-walled 
stainless-steel tube is slipped over the bushing. 

The blended powder cermet is then poured be- 
tween the mandrel and the cladding, and retained 
by the bushing. For this operation a special funnel 
is used which helps center the open end of the tube 
around the mandrel. After withdrawal of the fun- 
nel another bushing is slipped over the mandrel to 
help contain the mixture and serve as a spacer at 
the other end. 

The entirely assembly is then sintered. After sin- 
tering, the thin-walled tubing is stripped from the 
assembly, and the mandrel ‘is withdrawn from the 
sintered cermet leaving a seamless tube possessing a 
density approximately 68% of theoretical. The sin- 
tered tubular core is then densified by a series of 
working and annealing operations. The densified 
core is assembled with an inner and outer cladding, 
and fabricated into a fuel element. The results ob- 
tained are similar to those obtained when fabricat- 
ing elements using the compacted extruded cores. 
Further evaluation of this method will be completed 
in the near future. 





Fig. 5—Longitudinal section of fuel element showing bonding between 
two bushings. 
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an evaluation of the future of... 


* Diesels * Free-Piston Engines 


* Piston 


Based on paper by 


C. G. A. Rosen 


onsulting engineer, Caterpillar Tractor Co 


N competition with newer-type powerplants, the 

piston engine presents a moving target. It keeps 

advancing in such a way as to make substitution of 
other types difficult at any given time. 

The projected 12/1 compression ratio, aluminum 
engine, for example, has shown gains which place 
the piston engine in an enviable position in the fore- 
seeable future as compared with the gas turbine and 
the free-piston types. The piston engine still is 
definitely in the running as a powerplant for future 
passenger-car propulsion. 

The higher compression ratios projected for it will 
require higher quality gasoline. The present petro- 
leum technology indicates a probable plateau at an 
octane level of 108. 


Fuel Injection a Factor 


New engines will bring into sharp focus the appli- 
cation of fuel injection as a replacement for the 
carburetor. Errol J. Gay has well expressed the five 
major reasons, as follows: 


1. Continuing demand for higher peak 
horsepower. 

2. Desire for a better torque curve at lower 
engine speeds to improve performance 
of modern automatic transmissions. 

3. Styling changes have been forcing hood- 
heights downward. 

4. Under-hood temperatures have gone up 
markedly in our present cars. 

5. The advertising value of a new device. 


There are advantages, too, from a petroleum 
standpoint. 

If the injection system is properly developed, for 
instance, there should be an almost complete free- 
dom from icing troubles and from backfiring during 
deceleration. Also, the cold-starting and warmup 
characteristics might be much improved. 

A significant advantage should be improved fuel 
distribution over the speed and load range. There 
is reason to believe that a lower octane requirement 


Engines 


is probable at the same horsepower. The better vol- 
umetric efficiency, on the other hand, can permit 
more horsepower from the engine. 

One significant thought needs to be emphasized. 
The piston type of powerplant is founded on a basic 
cycle which permits the confinement of very high 
temperature gases within relatively low cost mate- 
rials. This results in high cycle efficiency, good fuel 
economy, and durable life. 


Diesel Problems and Outlook 


One is impressed by recent advances in diesel com- 
bustion methods. These systems combine quiet op- 
eration, low fuel consumption, and the capacity to 
burn a broad range of fuels in cetane number and 
distillation range. 

The MAN “Whisper” engine (see SAE Journal, 
September, 1955, pg. 18-25) and the MWM balanced- 
pressure combustion system (see SAE Journal, Sep- 
tember, 1957, pg. 44-52) (both relatively recent de- 
velopments) thrive on volatility. Both ignore the 
pertinence of cetane or octane. They also have rela- 
tively low fuel consumptions. 

These new combustion cycles provide a golden 
opportunity to broaden the appetite of efficient 
power conversion units to burn motor gasoline as 
well as diesel distillates, even under starting condi- 
tions. They have sparked a series of investigations 
as to the secret of quiet operation in yielding low 
fuel consumption, low peak pressure, and low rates 
of fuel rise. 

But there has been a consistent effort, too, to burn 
economy fuels in conventional diesel engines. The 
railroads, for instance are deeply concerned with 
this problem. 

American railroads bought the diesel engine when 
diesel fuel cost 4¢ per gal. Now it cost three times 
that much. 

Since, in some railroad diesel operations, fuel cost 
is 62% of the total operating expense, every cent 
saved on fuel reduces operating cost by 644%. This 
justifies a national interest in the subject of burning 
economy fuels. The problem is not simple, because 
the cost of fuel is closely dependent on the balance 
of refinery economics and the ever-changing status 
of supply and demand. 

Motor gasoline is the pertinent factor in influenc- 
ing refinery economics. It affects distillate and re- 
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Abridgment of an 


SAE Texas Gulf Coast Section Paper 


‘Gas Turbines 


sidual fuel characteristics as well as price. Produc- 
tion of increased quantities of the higher quality 
gasoline and distillate fuels leaves the residual 
stocks higher in viscosity, higher in pour point, 
higher in: sulfur, higher in carbon residue, and 
higher in ash content. All of these become more un- 
desirable for the appetite of the diesel engine unless 
accommodating means are provided to accomplish 
the desired end results. 

The relative scarcity of residual fuels in some 
quarters and their rising demand are commanding 
better prices for residual fuels. It is recognized that 
the buyer can, and always will, be able to purchase 
residual fuel if he is willing to pay the relative value 
for that portion of the barrel of crude oil. This value 
is higher than the present price of residuals and 
more nearly the price of crude oil. It may become 
even higher as time passes. 

Over and above the fuel cost considerations, a 
balance must be achieved between low-cost available 
fuels and low maintenance of operation. This story 
will eventually be told by the inexorable laws of eco- 
nomics. 

Gas Turbine Prospects 


In line with a desire to burn a broad range of fuels, 
the gas turbine occupies a significant place. It is 
truly a multifuel engine. 

The gas turbine, in all of its varied applications, 
permits operating on a wider range and variety of 
liquid hydrocarbons than normal piston engines. 

Advantages are gained by systems providing ex- 
cess air for completeness of combustion and high 
compression ratios for shortening ignition lag. In 
automotive applications such factors are assured by 
the application of the turbine, including: 


1. Supercharged piston engines utilizing in 
combination turbine-driven compressors in 
one or more stages. 

. The compound powerplant, particularly in 
the gasifier type of diesel, utilizing either the 
free-piston type of engine or other version of 
conventional diesel engines, and involving 
use of a gas turbine as the final expansion 
stage. 

. The gas turbine itself, in any one of its dif- 
ferent forms as a source of power. 


The higher the ratio of boost pressure to engine 
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discharge pressure, the higher will be the turbine 
efficiency, the higher the compressor efficiency and 
gas temperature and the lower the air temperature 
at the compressor inlet. Now, it is well established 
that the diesel fitted with an exhaust turbosuper- 
charger is the most economical type of thermal 
prime mover designed to achieve high efficiency. 
This development, however, has only been scratched 
and is in its infancy with regard to providing even 
greater economy with increased boost pressure aug- 
mented with additional cooling of the charging air 
and with improved scavenging effects in the power 
cylinder of the engine. 

Even at 1.8 pressure ratios an improvement is pos- 
sible to the extent of 170% of full load power. At 3.6 
pressure ratio it could be responsible for a power in- 
crease of as much as 307% when provided with ade- 
quate intercooling and proper scavenging. The 
prime deterrent in achieving these values in practice 
is in the lack of adequate materials. 

The advantages of turbosupercharging to the pe- 
troleum supplier are several. Supercharging has a 
tendency to reduce the ignition delay period, which 
permits engines to run quieter and smoother. It be- 
comes possible to burn fuels of lower cetane number 
or of lower volatility such as heavy distillates or re- 
siduals. Combustion generally is improved and a 
somewhat higher proportion of the air can be burned 
effectively with clean exhaust. 

Higher increases in supercharge boost are permis- 
sible if the high-pressure stage is part of a com- 
pound system such as a gasifier as used in the Pes- 
cara free-piston engine. 

In this category of compound engines, high boost 
supercharge is justified because of the ability of 
large amounts of potential energy in the exhaust for 
a second-stage expansion in a turbine. Here, the 
inherent efficiency of the cycle is high, the pressures 
and temperatures reach values not attainable in the 
case of normal diesel engines, because of the absence 
of bearings and connecting rods. Heat losses are 
small due to the relatively small surfaces of the 
combustion chamber. Large excess scavenging air 
provides cooling of the internal surface of the cyl- 
inder and carries this heat so accumulated into the 
turbine. 

The high compression ratio gives a higher adia- 
batic efficiency than a comparable diesel, also the 
friction losses are lower. The gas generator is well 
adapted to the combustion of heavy fuels, because 
this higher supercharged power cylinder is provided 
with large quantities of excess air for combustion 
and scavenging, and compression pressures reach 
values which shorten the ignition lag significantly. 

The most significant factor favoring the piston 
engine is found in its basic cycle which permits a 
high temperature of the thermodynamic medium 
without distress to mechanical parts. But, without 
recent fundamental discoveries in reciprocating en- 
gines, the gas turbine shows the greatest promise of 
any new type of powerplant for potential develop- 
ment. For gas turbine designs of the future, says 
George J. Huebner of Chrysler, “a thermal efficiency 
of 40% in the next decade seems possible. This 
compares with the 28%, which is about as good as 
we can do today with automobile-type piston en- 
gines.” 

The development trends which have been exhi- 
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bited by the application of the turbine to vehicles will 
be exploited to the full advantage of the turbine in 
off-highway installations. The advantages are: 


. The reduction of weight and bulk. 
. Use of available low cost fuels. 

. Operation in any climate. 

. Low maintenance. 

. Simplified transmissions. 


Free-Piston Prospects 


In the development of free-piston powerplants as 
a contender for an eventual successor to the auto- 
motive piston engine, some advantages are apparent 
from automative sponsors. 

No weight advantage is at present evident. How- 
ever, it has a superior torque curve and allows for 
split passenger vehicle installations with important 
vehicle advantages. There are other installation ad- 
vantages in off-highway equipment which appear to 
be highly desirable in transmitting power to the 
point of utilization by pipe lines instead of transmis- 


Nike Ajax Propellants . 


were stabilized after the missile was in production. 


for 5 to 10 years at -50 to 140 F. 


R. B. Canright, 


SAE Southern California Section paper 


HE final fuel and oxidizer for the Nike Ajax 

liquid rocket engine came after the missile was 
in production. Stability, storage, and handling 
problems could only be approximated when the 
missile first became operational. Rather than 
change the hardware already in the field, an inten- 
sive program for better propellants was followed. 


Fuel Problems Solved 


The first fuel for the Nike was JP-3. It was hoped 
that this fuel, with a white fuming nitric acid oxi- 
dizer, would store for a minimum of three years 
and operate correctly in temperatures from — 40 to 
125 F. A special propellant valve was needed for 
a metered start and shutdown to prevent detona- 
tion when rocket engine chamber pressure dropped. 

The military later changed the fuel to JP-4. A 
special burner design was required to overcome 
erratic burning. A small amount of unsymmetrical 
dimethyl hydrazine was added to prevent icing of 
the injection orifices and stabilize the burning. 
This fuel combination is safer than straight JP-4 
since it is barely hypergolic. This resistance to 
spontaneous combustion had been proved by low- 
temperature firings, gunfire tests, and gross spillage 
tests. 

The Army designates this present fuel mixture as 
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sion shafts. 

The lubrication of free-piston engines is still in a 
state of flux. Approaches which utilize lubricants 
of high detergent values have been successful in 
some instances. Much depends, however, on the 
character of the ash content which remains as a re- 
sidual within the combustion system. Some forma- 
tions of ash are blown through the ports into the ex- 
haust and out through the turbine. 

Other appruvaches to the problem have been the 
utilization of special processing techniques on 
straight mineral oils. These also, in certain in- 
stances, have proved successful for certain periods 
of time. But no answer is entirely complete as yet 
as to the type of lubricant which can yield low wear 
at high pressure ratios between piston rings and cyl- 
inders and yet not leave tell-tale deposits which ulti- 
mately prove deleterious to the functioning of the 
engine. 


To Order Paper No. S41... 
...on which this article is based, turn to page 5. 
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Liquid fuel is now good 


M-3. It is supplied in premetered containers to 
reduce the danger of contamination. 


Oxidizing the Fuel 


Two problems had to be solved after the selection 
of white fuming nitric acid as the oxidizer, namely: 
corrosion and the buildup of oxygen pressure. 

Corrosion was solved by adding slight amounts 
of hydrogen fluoride. This eliminated the deterio- 
ration of aluminum and steel liners by forming a 
coating of metallic fluorides on the metal surface. 
The oxidizer was also changed to red fuming nitric 
acid since this compound formed automatically 
when corrosion occurred. 

The decomposition of the oxidizer follows the 
equation: 

4HNO, = 2H,0+ O, t+ 4NO, 


An oxygen pressure builds up because O, is not very 
soluble in HNO,. To inhibit this reaction apprecia- 
ble amounts of water and nitrogen dioxide are 
added to the acid. Months of storage at 140 F show 
no appreciable buildup in pressure. 

No aluminum nitrate is formed if tanks are not 
flushed with water. 


Igniting the Engine 

The M-3 fuel and acid oxidizer do not readily 
ignite upon contact. Therefore, a starting fuel of 
aniline and furfuryl alcohol was originally used. 
However, resinification occurred. At first triethyl- 
amine was added as an inhibitor. This was not 
satisfactory due to low-temperature ignition and 
viscosity properties. Finally, unsymmetrical di- 
methyl hydrazine was chosen as the starting fluid 
because of its short ignition delay time. It is sup- 
plied in prepackaged aluminum bottles. 
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ARTIST’S CONCEPTION of future VTOL high speed fighter airplane. Engines are rotated to the vertical for take-off 
and for hovering conditions 


Abridged from an SAE Buffalo Section Paper 


Rotating-Thrust VTOL 
Proves Feasible 


Ba pa 


James A. O'Malley, Jr. 


Bell Aircraft Corp 


WO air test vehicles built during the last three 

years by Bell Aircraft have confirmed the indica- 
tions of earlier analytical studies that rotating- 
thrust VTOL is feasible. 

One of the main goals of VTOL research has been 
to combine the minimum take-off requirements of 
the helicopter with the high-speed capability of jet 
aircraft. There have been two separate develop- 
ments. One approaches the problem from the 
standpoint of the tail sitter aircraft. The other ap- 
proaches it from the aspect of the horizontal atti- 
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tude configurations. 

Fig. 1 shows two take-off paths which could be 
followed by tail sitter aircraft. They can rise on a 
trajectory-type path gradually gaining speed until 
at higher altitude they achieve level flight. Or, they 
can rise from the tail sitting position to a nominal 
altitude and then “nose over” into a level flight at- 
titude. 

Both flight patterns require the pilot to fly the air- 
plane from an unconventional position and in the 
case of the trajectory path require the airplane to 
accelerate against gravity before becoming airborne. 

In the alternate level altitude transition it is nec- 
essary to stall the wing as the aircraft pushes 
through to horizontal flight. 

The other approach to this problem is the rotat- 
ing-thrust type of VTOL. A typical take-off path is 
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Fig. 1—Two take-off patterns for tail sitter aircraft. 


wn 


ef 


Fig. 2—Typical take-off path for rotating thrust VTOL aircraft. 


shown in Fig. 2. Here the transition from hovering 
flight to level flight may be effected at a nominal al- 
titude without subjecting the wing of the aircraft to 
high angles of attack. This approach is quite simi- 
lar to the take-off operation of a conventional air- 
plane, or to the take-off of a helicopter. This type of 
airplane requires that the thrust vector be rotated 
independent of the fuselage. 


Experimental Aircraft 


The flight tests of two experimental airplanes 
built by Bell within the last three years have resolved 
many troublesome technical areas to assure satis- 
factory design application to operational aircraft. 

The first air test vehicle was built to provide ex- 
perimental verification for conclusions reached as a 
result of previous VTOL studies on performance, 
stability, control, and propulsion. This airplane is a 
simple device made up of parts of existing airframes 
and employs two rotatable missile engines. It pro- 
vided the first tangible experience with turbine- 
powered engines in an actual VTOL airframe. 

A number of design problems were solved as a re- 
sult of the flight tests of this airplane. For example, 
it would be expected that a hot turbojet exhaust 
would cause problems in heating the ground surface, 
the airplane structure, and the inlet air. A series of 
temperature tests carried out on the test vehicle to 
determine which areas were critical, however, re- 
vealed that the use of a pit or other exhausting de- 
vice is unnecessary in launching a VTOL airplane. 

Fig. 3 illustrates the action of a turbojet exhaust 
when it impinges on a flat surface such as the 
ground. The illustration at the left shows the jet 
position normal to the ground. Here the high veloc- 
ity jet turns a corner and moves out radially in a 
thin film from the point source. Due to the large in- 
crease in area available to the jet and the high ve- 
locity of the exhaust air, the field rapidly expands 
and maintains a flow parallel to the ground until the 
velocity has degenerated sufficiently to permit sepa- 
ration. In general, this sweeping action clears ob- 
stacles from the plane surface and carries the heated 
air out and away from the airplane structure and 
inlets. 

The center illustration of Fig. 3 shows the action 
of the jet exhaust if the engine nozzles are inclined 
from the vertical. When this condition exists, ra- 


Fig. 3—Jet exhaust pattern for vertical take-off (left), take-off inclined from the vertical (center), and vertical take-off with two 


rotatable jet engines (right). 
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dial action of the exhaust continues up to a critical 
angle at which point all the flow is exhausted in a 
single direction. In the transition period more flow 
moves in the direction of inclination than opposite 
to it. 

The test vehicle has two rotatable jet engines 
which give an exhaust pattern similar to that shown 
at the right of Fig. 3. Here, with two jets impinging 
normal to the ground, radial action takes place from 
each of the two point sources, flowing in all direc- 
tions except where it interacts with the exhaust 
from the other jet. At this point, there is a vectorial 
addition of flow which causes an upward rise of a 
small portion of the exhaust products. Tests with 
the experimental vehicle indicate that the amount 
of exhaust directed against the structure of the air- 
plane gives negligible heating effects. Also, the lo- 
cation of the inlets on the rotatable engines above 
this outward moving field results in a very small in- 
crease in inlet air temperature. 


Testing for Control 


Another major area of concern with VTOL air- 
craft is control during takeoff and transition. The 
experimental test vehicle features a simple set of 
controls. The conventional stick and rudder pedals 
are used to handle pitch, roll, and yaw during both 
hovering and level flight modes. A throttle similar 
to the collective pitch on a helicopter was developed 
for this vehicle. 

The control of vertical motion is completely de- 
pendent on the thrust of the engine. The pitch, roll, 
and yaw control may be obtained either from the 
engine or from a second set of controls. 

Considering the new control imposed by the throt- 
tle, it is well to look at the variation of static thrust 
with rpm on a turbojet engine. This is shown in Fig. 
4. Note that the thrust varies sharply near 100% 
power which is the condition for take-off with full 
load. This shows two things. First that a rather 
delicate control of thrust is necessary to effect small 
changes in vertical position during hovering. Sec- 
ond that there is very little time lag between the 
pilot’s control motions and the engine thrust re- 
sponse in this area. 

Working with the test vehicle, it was established 
that the pilot could control thrust manually without 
any particular vernier control to give him adequate 
vertical displacement during hovering and transi- 
tion. It was also established that the time lag on 
these engines was satisfactory for manual control. 
Since these engines are Fairchild J44 types designed 
for missile operation and not particularly fast with 
regard to acceleration characteristics, it can thus 
be concluded that engines for most piloted aircraft 
will satisfactorily provide vertical control possibili- 
ties. 

It was determined that attitude controls could be 
obtained from a minimum of two control points and 
could be used either with large force representative 
of engine nozzle displacements or small force based 
on the use of auxiliary nozzles. Of course it was 
necessary to control pitch, roll, and yaw, as well as 
displacement, along the z, y, and z axes. The results 
of considerable study of systems involving turbine 
exhaust bleed, engine compressor bleed with ground 
air flow, and engine compressor bleed with addi- 
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tional burning were all investigated. Independent 
systems such as rockets were also examined. 

The lightest and most efficient system appeared to 
be the compressor bleed cold flow system. In this 
case it was possible to run ducting from the com- 
pressor of the main propelling engine to control 
points at the extremities of the airplane such as the 
wing tips and tail. This places reaction controls in 
the same relative position as the conventional ai- 
leron, rudder, and elevator system. 

A separate compressor is used on the test vehicle. 
For more operatioral airplanes, bleed can probably 
be taken directly from the main engines. 

Fig. 5 shows the installation of the reaction con- 
trol nozzle in the wing tip of the air test vehicle. 
Here the compressor nozzle is linked directly to the 
aileron on the airplane. It was not necessary to de- 
velop exotic nozzle types, since a simple orifice in- 
stallation provided adequate nozzling for these reac- 
tion forces. 

Fig. 6 shows the experimental air test vehicle 
mounted on a portion of a steel sphere. This ar- 
rangement permits the pilot to rotate the configura- 
tion in pitch, roll, and yaw to evaluate the strength 
of the controls. 

To investigate hovering of the aircraft the ar- 
rangement shown in Fig. 7 was used. The airplane 
was suspended on a cable system supported by two 
towers. A weight pan was attached to one end of the 
cable carrying sufficient weights to provide a force 
equal to approximately 5% of the airplane gross 
weight. With this installation the pilot was able to 
rise to a hovering condition at which time the cable 
system allowed the weight pan to settle to the 
ground. This arrangement enables the pilot to 
evaluate his vertical throttle control without the 
danger of falling to the ground in the case of over- 
control. It also permits him to feel out his pitch, 
roll, and yaw controls with a certain amount of 
safety. 

It should be noted that this tethered system actu- 
ally increases the difficulty of hovering since it ap- 
plies a destabilizing moment to the airplane if the 
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pilot permits large oscillation around his neutral 
point. 

When a fixed altitude is attained the cable goes 
slack and the airplane responds as if it were in free 
flight. 

Having completed experimental tests on stability 
and control, free hovering with the airplane was ob- 
tained. For this condition the engines are rotated 
several degrees forward. 

This series of tests adequately demonstrated that 
a VTOL airplane with rotating engines could be hov- 
ered and manually stabilized by a pilot. It also dem- 
onstrated that the transition could be initiated in the 
same manner as the helicopter begins its transition, 
by merely pitching the nose of the airplane down, 
and that level flight could be obtained by rotating 
the engines in their mounts from the vertical to the 
horizontal position. Further testing showed that 
the rotated engine could be brought from the hori- 
zontal position to the vertical position while the air- 
plane was above the level flight stall speed. This 
then permitted the transition to proceed from level 
flight through deceleration to hovering. 


Rotating Thrust without Rotating Engine 


In dealing with supersonic airplanes and the 
VTOL problem in general, it appeared useful to de- 
sign configurations where the thrust could be ro- 
tated without rotating the whole engine. Various 
concepts for obtaining this thrust rotation were 
evaluated by Bell and a thrust diversion system 
evolved which was considered to be feasible for non- 
afterburning engines. This led to the development 


Fig. 5—Installation of the reaction control nozzle in the wing tip of the 
air test vehicle. The compressor nozzle is linked to the aileron on the 
airplane. 


Fig. 6—Experimental air test vehicle setup for evaluating the strength of 
the controls. This arrangement permits the pilot to rotate the configura- 
tion in pitch, roll, and yaw. 
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of a second flight article, the USAF X-14 which is 
shown in Fig. 8. 

This airplane uses two AS Viper engines, which 
are more powerful engines than those used in the 
original air test vehicle. They employ a thrust di- 
version scheme which has demonstrated that thrust 
can be diverted without large losses. 

The airplane has a wing span of 34 ft, a length of 
25 ft, and is 8 ft tall at the tail. It will carry a pilot 
and one passenger and is controlled in vertical flight 
and hovering by a reaction control system similar to 
that of the first test vehicle. In the case of the X-14 
however, the controls are powered by compressed air 
drawn directly from the propeller engines. As a re- 
search airplane, the X-14 is capable of longer sus- 
tained flight and is structurally designed to investi- 
gate higher speeds than the first experimental air- 
plane. Embodying the engine bleed system with the 
thrust diversion principle made this airplane a test 
platform directed principally at engine installation 
problems. 

The same general investigations were completed 
prior to the flight of this aircraft and once again 
stability and control in the hovering condition were 
considered to be significant design problems. A 
mockup of the X-14 cockpit was used to evaluate the 
pilot’s control and stabilization capability prior to 
an actual test flight. This cockpit contained stick 
and rudder pedal systems which were interconnected 
with a Reeves electronic analog computer to repre- 
sent the airplane. Using this device, it was possible 
to determine the magnitude of control force required 
from the reaction controls to permit the pilot to 
manually stabilize the airplane. 

Engine gyroscopic effects are very important dur- 
ing the hovering condition since aerodynamic forces 
on the airplane are quite negligible. Consequently, 
they strongly influence the stability of the hovering 
mode. Gust factors were also evaluated in this sta- 
bility and control investigation. 

Extensive test stand and ground tests were car- 
ried out on the X-14 airplane to evaluate the thrust 
diversion and engine bleed systems. As part of this 
investigation, this airplane was also suspended from 
a cable arrangement and tethered hovering to eval- 
uate control response was carried out. The cable 
was of value in permitting the evaluation of installed 
airplane thrust and the operation of the thrust di- 
version system. 

The airplane was then hovered and flown in par- 
tial transition. Flights at altitude were also per- 
formed to evaluate the action of the thrust diverter 
under flight conditions. This flight test program, 
once again, demonstrated that losses are minor in 
thrust diverting systems, that temperature effects 
on the ground, on the airplane structure, and at the 
inlet are easily handled, and finally, that this con- 
figuration, which does represent a somewhat differ- 
ent stability and control case, can be successfully 
stabilized by manual operation of a pilot. 

The flight test program is continuing at the pres- 
ent time to accumulate specific design data which 
will be of value in establishing operational aircraft 
of the future. 


Future VTOL Aircraft 


The preceding test programs have provided suffi- 
cient information to enable us to visualize an air- 
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Fig. 7—Test setup for investigating hovering characteristics of the aircraft. 


Fig. 9—VTOL transport design based on a cold jet of air generated by 
Fig. 8—Bell’s second experimental air test vehicle, the USAF X-14. ducted propellers. This arrangement permits longer hovering. 


Fig. 10—Artist’s concep- 
tion of a typical fighter 
airplane equipped with a 
thrust-diversion arrange- 
ment. The engine is 
centrally mounted and 
remains in a horizontal 
position. For take-off 
and hovering the thrust 
is rotated by manipulat- 
ing the tailpipe as a 
thrust diverter. 
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plane of the future which would employ the same 
characteristics investigated on the flight test arti- 
cles. If we apply the principles represented by the 
first experimental airplane to rotating engines we 
might visualize a high speed fighter such as pictured 
in the artist’s conception shown on page 41. Here 
powerplants have been mounted on the wing tips 
of a rather conventional straight wing airplane. 
As shown in the insert, these engines may be ro- 
tated to the vertical for take-off and for hover- 
ing conditions. Under the control of the pilot they 
may then be rotated into a horizontal position allow- 
ing the airplane to transition from hovering to level 
flight. 


Once in level flight, this type of aircraft would 
have all of the capabilities normally expected of a 
jet fighter. Since the flight speed range which 
would be required for the take-off and transition is 
identical to that experienced with the experimental 
airplane, no additional problems would be antici- 
pated. Due to the increased inertia of the airplane, 
the stability and control problem would be much 
simpler than that experienced with lighter air- 
planes. The same type of compressor bleed control 
can be visualized for reaction control of the airplane. 
With the technical problems adequately solved and 
demonstrated by flight test articles, this kind of an 
airplane should appear in the very near future. 

A slightly different approach, but once again an 
application of the experimental vehicle engine con- 
cept, can be represented by the transport shown in 
Fig. 9. In this case, the design is based on a cold 
jet of air generated by ducted propellers. This ar- 
rangement permits longer hovering which would be 
more compatible with a transport mission. Once 
again, the same take-off, hovering, and transition 
characteristics can be expected with this larger air- 
craft as were experienced with the experimental air- 
plane. And again, the increased mass of the air- 
plane would simplify the stability and control 
problem. The reaction control configuration already 
developed would be quite satisfactory for this type of 
an installation. 


Thrust-Diversion Aircraft 


Further applications of the rotating thrust line 
concept could be visualized to follow the thrust di- 
version system developed with the X-14 aircraft. A 
typical fighter airplane based on this principle is 
shown in Fig. 10. In this case the engine has been 
centrally mounted and remains in a horizontal posi- 
tion while the thrust is rotated by manipulating the 
tail pipe as a thrust diverter. This aircraft would 
closely match the flight characteristics already in- 
vestigated for the X-14 during hovering and transi- 
tion. In level flight it would be capable of competi- 
tive jet aircraft performance. It could operate in- 
dependently of long runways and would increase de- 
sign economies as a result of the elimination of con- 
ventional take-off and landing. All of the technical 
problems which might be expected in the design and 
development of this type of aircraft have been ade- 
quately investigated within the last year. 


To Order Paper No. $35... 
...0n which this article is based, turn to page 5. 
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Challenged 
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K. Buchele, 


DHESIVE-bonded materials have a good chance 
for continued use in the 600-1000 F environments 
in which some airplane sandwich structures already 
are being required to function. But the adhesive 
bonds which have participated in the bonded-sand- 
wich structure advances with aluminum in the last 
five years will not meet these needs. 
Nor is it certain that adhesive bonding will outlive 
the aluminum airplane and continue to expand in 
use. Much depends on: 


@ Whether or not sufficient effort is ex- 
pended in achieving the required adhe- 
sive properties by the time they are 
needed. 


@ How well individual plants succeed in 
having available the equipment and ap- 
plying the knowledge in both design- 
ing and processing “to make the stuff 
stick.” 


The very nature of adhesive bonding requires that 
only a highly reliable and reproducible system of 
processing be used. The variables which can in- 
fluence the final performance of an adhesive bond- 
ing system are many. Cleaning, drying, storage, 
priming ...and a multitude of variables in the bond- 
ing process itself are all included. 

Studies have to be made, for instance, of the vari- 
ables involved in bond time, pressure, temperature, 
working life of the adhesives, need for venting or 
release of gases and volatile products of curing, op- 
timum working time of adhesives ... and a few 
more. 

Then there is the problem of cost. Acquisition of 
any bonding system means the expenditure of large 
sums of money. So the system must reflect low 
maintenance costs and flexibility, as well as relia- 
bility and reproducibility. Total cost of a typical 
bonding cycle, for example, may be $4.15. . . for pro- 
ducing a bonded panel the cost of which is approxi- 
mately 7¢ per sq ft. 
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Future 


by 1000 F Uses 


The production of heat, actually, is the largest 
single item in the bonding cycle’s operating expense. 
That’s why the temperatures required by the se- 
lected adhesive are so important ... and why flexi- 
bility is an important long-range consideration in 
installing an adhesive bonding system. 

The maximum loading rate for the equipment and 
the production rate, for instance, have to be deter- 
mined by whether or not cooling rates have to be 
controlled, the pressure required, and the time 
needed for the curing cycle . . . and these items, in 
turn, have been determined by the requirements of 
the selected adhesive with respect to temperature 
requirements, limits of control and rate of tempera- 
ture rise necessary. 

Use of an autoclave alone gives a certain amount 
of flexibility ... and more can be realized by using 
a platen in the autoclave for more accurate and uni- 
form temperature control. Moreover, a separate 
heat source with individual controls for the various 
platens will help maintain flexibility when produc- 
tion needs demand more than one platen. 

The experience of Convair at its Fort Worth plant 
provides interesting specific data on the whole prob- 
lem of setting up and using effectively proper proc- 
essing equipment and tooling. 

Convair is using three separate methods—vacuum 
press, press fixture, and autoclave—to procure the 
three requirements it considers essential to the 
bonding process: 


1. Uniform heat distribution. 
2. Uniform pressure distribution. 
3. Dimensional control of detail parts. 


THE VACUUM PRESS—or so-called “pants 
presser,” which is used for flat or slightly contoured 
panels—is a device which uses vacuum as a pressure 
medium. Its use is quite limited. 

THE PRESS FIXTURE is also used on flat and 
slightly contoured panels, but permits higher pres- 


sure to be attained. It consists of two main platens, 
restraining rods, male and female bonding forms, 
and a stainless-steel air bag which is used for appli- 
cation of pressure. The plates forming the faces of 
the bonding forms are internally machined and 
serve as a heat manifold. The method is used 
largely for wing skin panels of honeycomb construc- 
tion. 

THE AUTOCLAVE method is especially effective 
on contoured assemblies such as fuselage panels and 
wing leading-edge sections. It applies heat and 
pressure uniformly in all directions, so the structure 
of tools can be greatly simplified. These tools con- 
sist of a platen formed to the desired shape of the 
outer skin, reinforced to support their own weight 
and to maintain freedom from warpage. A flexible 
blanket is placed over the assembly and bond form, 
which is then evacuated to avoid entrapment of 
volatile gases. The entire assembly is then moved 
into the autoclave. There, steam is introduced and 
air pressure applied. 

In the autoclave method, both platens are heated 
and get satisfactory heat transfer through the stain- 
less-steel bag. The inner skin is continuous on 
double-contoured parts and is contoured accurately. 
The outer skin is then drawn to contour and bonded. 
Using these methods, Convair is having little trouble 
with double-contoured parts; nor have they had any 
difficulties attributable to tool expansion. The larg- 
est parts they have worked have been about 4 ft 
wide by 8-10 ft long. 

Machining of expanded honeycomb cores, of 
course, has always been one of the high-cost opera- 
tions associated with sandwich structure. And some 
special equipment, holding fixtures, and techniques 
developed recently by Northrop are interesting be- 
cause they point toward an economical solution for 
machining core details. 

Using this special equipment, Northrop is holding 
a tolerance of + 0.005 in. on a machined core; has re- 
duced scrap to less than 10%; is able to use less 
skilled operators; has reduced man-hours by 20- 
50%; and has released many critical machine tools 
for other production. 

The panel which led the Aircraft Production 
Forum discussion on Metal Bonding of Aircraft 
Sandwich Structures (on which this article is based) 
consisted of: F. T. Wood, Jr., Douglas Aircraft Co., 
leader; H. P. Atkin, North American Aviation, Inc.; 
co-leader; J. E. Barbee, Boeing Airplane Co.; M. G. 
Childers, Lockheed Aircraft Co.; H. B. Ross, Northrop 
Aircraft, Inc.; R. A. Fuhrer, Convair Division, Gen- 
eral Dynamics Corp.; Dominic Bergelis, Rohr Air- 
craft Corp.; and Secretary Buchele. 

To Order SP-321... 
...on which this article is based, turn to page 5. 


Application of bonded sandwich structures are due to expand. The air- 


craft industry's entire five years of experience in designing and processing 


bonding systems was focused for exchange among engineers at the SAE 


Production Forum discussion from which this article was drawn. 


MARCH, 1958 





Design Testability 


J. M. Pomykata 


HE complexity of weapon systems now being de- 

signed and the requirements for short launch 
and response times has placed increased emphasis 
upon efficient and reliable testing to determine 
operational readiness. To achieve maximum ef- 
fectiveness, however, the basic product must be 
designed for testability. That is, from the inception 
of the weapon system design, consideration must 
be given to the testing phase as well as the opera- 
tional phase. In addition, improved equipment and 
methods must be developed to enable skilled tech- 
nicians to do the testing job more efficiently. 

One of the major problems in providing inherent 
testability in the weapons system is the detail de- 
sign involved in the instrumentation and wiring 
of the aircraft. One limitation is the weight of the 
wiring and connectors. Another problem is main- 
taining the reliability of the wiring if weight is re- 
duced. In addition, it is necessary that wiring and 
instruments be applied such that failure will not 
affect the performance of the weapons system. 

It is estimated that in a typical fighter aircraft, 
12,000 ft of wire are required to connect the test 
circuits. Based on the standard MIL—W-5088, this 
amount of wire would weigh 55 lb. However, types 
of wire which are lighter and which will resist the 
high temperatures encountered are now available. 
One highly flexible Teflon type, for example, would 
reduce the weight of the entire wiring system to 
about 3 Ib. 

One solution to the problem of instrumentation 
is to incorporate the instruments directly into the 
components. This simplifies the test logic in that, 
on indication of failure, the complete unit is re- 
placed. Where this is not feasible, instrumentation 
such as linear motion indicators, rotary, flow, pres- 
sure, and temperature transducers, are available as 
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very light and accurate components for individual 
installation. 


Functional Test of Proposed Components in 
Relation to System Testing and Test Equipment 


Functional testing may be defined as, “Any per- 
formance inspection of hydraulic, electrical, or 
electronic equipment or system in which a func- 
tional piece of equipment is tested under actual or 
simulated conditions.” 

There are three basic reasons for functional test- 
ing: safety, economics, and prevention of schedule 
delays. Maximum safety for both personnel and 
the aircraft must be insured. Verification that a 
component is in accordance with specifications must 
be obtained before payment is made for the article 
and before it is installed in the aircraft. The re- 
placement of a malfunctioning part can be ex- 
pensive and a delaying operation. Therefore, func- 
tional testing provides the assurance necessary to 
preclude costly delays in schedules. 

Functional tests are conducted in accordance with 
engineering specifications which should agree with 
the requirements provided to the vendor. In theory 
at least, the vendors tolerances should be slightly 
tighter than those used in receiving functional 
tests. And those in receiving functional tests 
should be slightly tighter than the system and 
operational .equirements on the finished aircraft 
or missile. This allows for slight differences in 
gage readings and reduces unnecessary rejections. 

If not enough early thought and study is given 
to the test requirements by the design engineer, a 
severe hardship is imposed on both the aircraft 
company and the vendor. Requirements have be- 
come more and more complex and the aircraft sys- 
tems meeting these requirements have become 
more intricate and precise requiring purchased 
components of precision construction and high 
quality. This has necessitated longer and more de- 
tailed tests to cover the requirements, and new and 
more complex test equipment. 
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into Weapon 


Standard test benches by themselves can no 
longer meet the requirements for performing func- 
tional tests. Test equipment must be manufactured 
to greater tolerances than the part it tests. It must 
be rugged enough to stand constant use and it 
must be adaptable, that is, it should be easily modi- 
fied to take care of changes to the parts that the 
engineers will undoubtedly ask for. Test equipment 
not properly designed can damage parts and can 
allow acceptance of bad parts and rejection of good 
parts. 

System tests or operational checkout in the air- 
plane supplement laboratory functional tests. The 
main purpose of the system tests is to see that the 
parts are installed correctly and connected in the 
proper manner and sequence. There is very little 
performance checking of the individual components 
done at this time as this has already been done in 
the laboratory. However, it is at this point where 
original errors in specification requirements for the 
bench functional tests show up and have to be 
corrected. 

The high cost of functional testing can be offset 
somewhat by the use of sampling plans and sur- 
veillance source inspection. Normally, there is 
100% inspection and functional testing of new 
items until a history is compiled which indicates 
that the amount of testing can be reduced. In cer- 
tain cases however, where extremely high relia- 
bility must be assured, all components must go 
through complete functional testing. 


Considerations in the Design of Test Equipment 


Test equipment must be considered in the light 
of its prime function, that is, to support and imple- 
ment production. By considering test equipment 
in this manner, it will be recognized that many 
factors of preduction and environment influence 
test equipment design. Some of the more im- 
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portant factors of production which have direct in- 
fluence on test equipment design are; 


1. The type of production line installation. The 
centralized, decentralized, stationized, or laboratory 
type of production lines determine whether large 
quantities of simple equipment or small quantities 
of complex equipment will be required. 


2. The line pattern or operation. The block 
change system or an immediate effective change 
system with either an in-station or out-of-station 
rework center will determine quantities, flexibility, 
changeability, and accessibility to be incorporated 
into the design. 


3. The rate of production flow. This will deter- 
mine the time that can be allowed for the testing 
operation and may govern the application of auto- 
mation. 


4. The production personnel skill level. This will 
influence the testing methods and the application 


Serving on the panel which developed the in- 
formation in this article were: 


eader: D, F. Hays, North American Aviation, Inc 
)-leader: P, D, Koger, Lockheed Aircraft Corp 
pane! secretary: J, M. Pomykata, North American Aviation, Inc 
panel members: A, L. Bohn, Boeing Airplane Co 
U. F. Beirne, Northrop Aircraft, In 
A. J. Campbell, Douglas Aircraft Co., Inc 


P. D. Ferrara, Convair Div., General Dynami 





of foolproof controls and circuits. 


This will influence 
setup, testing, and 


5. The equipment use time. 
the design for service life, 
trouble shooting. 


6. The environmental control of production facil- 
ities. This will influence the design with respect to 
factors such as heat dissipation, sensitivity, and 
ruggedness. 


7. The accuracy requirement. Normally test equip- 
ment should be designed to maintain an accuracy 
ratio of 10/1 between the test equipment and the 
product. This ratio should never be lower than 3/1. 


For the test equipment to be more completely and 
easily integrated with the production plan, it is 
necessary that some control be exercised over the 
factors in production which influence the design 
of the test equipment. The consideration of test 
equipment must be recognized at the conception 
and evolution of any production plan. Then the 
limitations of test equipment, if known, can be 
compensated for by proper production and instal- 
lation planning. 

In addition to the integration of test equipment 
with production, there is the problem of providing 
the equipment to the production line on schedule. 
The constantly decreasing time span between draw- 
ing release and production delivery has compressed 
test equipment development, design, procurement, 
and fabrication practically to the point of un- 
realism. One approach to alleviate this problem 
is to develop and implement an extensive standards 
program. 

Test equipment should not be required to con- 
form to MIL specifications because the cost is high 
and the time required for the manufacture of the 
equipment is so long that it usually arrives too late 
to support production as planned. Also, it is fre- 
quently found that this type of equipment does not 
lend itself to modification caused by production 
changes. 

Specifications for test equipment should require 
the equipment to be built to a good commercial 
grade. Components which are relatively inexpen- 
sive and readily available on the market should be 
used. In general, the specification should prescribe 
methods and practices to insure good reliable equip- 
ment and yet not be so rigid as to be burdensome. 


Considerations in Test Equipment for Missiles 


Missile production programs, in general, have 
been characterized by requirements for an over- 
whelming amount of testing and complex test 
equipment. This is, at first, surprising to some 
people experienced in the production of airplanes. 
However, as electronic devices have been incorpo- 
rated into airplanes to make their operation more 
automatic and less independent on the pilot, their 
production too has required an increasing amount 
of complex equipment. Test equipment require- 
ments for missile production however seems to have 
out-paced almost all predictions. There are two 
basic differences between a missile and an airplane 
which are the reasons for this increase in testing 
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and test equipment. The missile does not have a 
pilot, and most missiles are one-shot devices. 

The amount of testing and test equipment used 
is related to the degree of confidence that the de- 
sign engineer has in his test requirements, test 
techniques, and missile design. The designer needs 
experimental data to substantiate his asssumptions 
with respect to aerodynamics, dynamics, and en- 
vironmental conditions. This substantiation can 
only be obtained by flight test, and this is where 
the lack of a pilot and the one-shot nature of the 
missile hurts. First, because the pilot’s function 
has to be accomplished by added equipment, the 
design of the flight hardware is complicated. Sec- 
ond, since the pilot isn’t there to report perform- 
ance and difficulties when they occur, the engineer 
must depend upon instrumentation which un- 
fortunately has its limitations. Being a one-shot 
device, the flight program to investigate the whole 
performance envelope and various environmental 
conditions would be prohibitively expensive. As a 
result, the engineer must be satisfied with few 
flights under conditions not nearly as well con- 
trolled as he feels necessary. 

At the start of the production program, therefore, 
the engineer does not have high confidence in his 
requirements, test techniques, or design. A large 
amount of cost is reflected in the test requirements 
by making them more extensive and exacting than 
would be the case if more experimental data were 
available. For the same reasons, a considerable 
amount of cost is incorporated into the flight hard- 
ware design making it more complicated than 
necessary. This additional complication of the 
flight hardware, in turn, complicates the test equip- 
ment by the square. All of this leads to a large 
quantity of complex equipment and long periods of 
production testing on each unit. 

Because of the complexity of missile test equip- 
ment, it is axiomatic that as much reliability as 
possible be built into the equipment and that the 
design require a minimum of maintenance and 
equipment downtime. Consideration must be given 
to the degree to which the equipment is made auto- 
matic. Although making the equipment more auto- 
matic decreases the skill required of the operator 
and permits more uniform testing, the complexity 
of the equipment should not be increased to the 
extent that an inordinate amount of skill and effort 
is required to keep it running. The flexibility of 
the equipment must not be decreased to the extent 
that it becomes very difficult to incorporate the 
changes brought about by weapon design improve- 
ments. 

Missile production programs have experienced 
much difficulty due to a large percentage of the 
flight hardware changes requiring corresponding 
changes in production test equipment. This change 
interdependence can become a limiting factor in 
a factory’s ability to produce the weapon. The de- 
sign of the test itself can affect the degree of this 
interdependence. The test equipment packaging 
can help reduce the equipment change problem by 
dividing the test equipment into easily replaceable 
and functionally independent packages. 


To Order SP-321... 
...0n which this article is based, turn to page 5. 
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British Locomotive Uses 


Mechanical Transmission 


Based on paper by 


L. F. R. Fell, Fell Developments, Ltd 
and 
G. M. Barrett, Shell Petroleum Co, Ltd 


HE Fell diesel-mechanical locomotive has wide 
torque and speed range capabilities, thanks to: 


1. The use of the Ricardo Comet III combustion 
chamber, which produces a very low ratio of firing 
pressure to compression pressure. 


2. A fuel timing change with load built into the 
fuel system. 


3. Separately driven superchargers. 


Engines and Transmission 


Fig. 1 shows how the main and auxiliary engines 
and the various components of the mechanical 
transmission are arranged in a prototype locomotive 
first put in operation in 1950. (Newer locomotives 
incorporating the Fell system are being planned. 
These will be articulated and carried on bogies in 
accordance with the modern trend away from loco- 
motives with a rigid wheelbase. They will also have 
a transmission of improved design.) 

Four Paxman 12-cyl RPH diesel engines supply 
the power for traction. Two 6-cyl AEC type A210D 
diesel engines provide the power for all auxiliary 
equipment. Each drives a supercharger which sup- 
plies air to its own induction manifold as well as 
to those of one pair of main engines. Since the 
superchargers are separately driven, the weight of 
air supplied per minute to the main engines is nearly 
constant whatever their crankshaft speed, but the 
supercharge pressure varies inversely with the main 
engine speed. Furthermore the main engine gover- 
nors are designed to reduce the amount of fuel 
injected per cycle as the crankshaft speed increases. 


MARCH, 1958 


These arrangements enable the main engines to de- 
velop an almost constant power output over their 
operating speed range. These characteristics are 
illustrated in Fig. 2. The torque at minimum crank- 
shaft speed is nearly three times that at maximum 
speed, which results in a tractive effort/speed curve 
similar in general shape to that of the steam loco- 
motive. 

The rated brake mean effective pressure on the 
Paxman engines at 500 rpm is 190 psi, but the corre- 
sponding maximum firing pressure is only 1010- 
1070 psi. This low ratio of firing pressure to com- 
pression pressure is one of the advantages of the 
Ricardo Comet III combustion chamber, which is 
used in the Paxman and the AEC engines. Under 
very highly supercharged conditions the combus- 
tion in this type of chamber produces a flat-topped 
and “fat” type of cylinder diagram. The AEC en- 
gines develop a bmep of 150 psi at 1300 rpm under 
maximum supercharge conditions. This falls to 80 
psi at 1800 rpm under minimum supercharge con- 
ditions, that is, when the main engines are running 
near their maximum speed. Since there is a fixed 
relationship between the AEC engine crankshaft 
speed and its bmep, and hence the amount of fuel 
injected per cycle, the plungers in the fuel-injec- 
tion pump have been made with sloping tops so that 
as they are rotated by the control rack from the max- 
imum fuel delivery (1300 rpm) position to the mini- 
mum fuel delivery (1800 rpm) position the top of 
the plunger closes the spill port earlier in the cycle. 
In this way the injection timing is advanced by 9 
crankshaft deg. 

Each main engine drives through a Vulcan Sin- 
clair size 36 scoop-controlled fluid coupling. These 
couplings are fitted with centrifugally actuated 
quick-emptying valves set to open when the engine 
speed falls below 500 rpm (the idling speed is 470 
rpm). When the locomotive regulator is opened 
and one of the scoop controls is engaged, the speed 
of the associated engine rises, the quick-emptying 
valves automatically close, and the coupling fills 
with oil, so that the drive is taken up gradually and 
without any shock. 

The main purpose of the gearbox incorporating 
the Fell system of differentials is to extend the speed 
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Fig. 1—Layout of prototype of Fell diesel-mechanical locomotive. 
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range of the main engines. Thus, each time an addi- 
tional engine is engaged the same total torque out- 
put is maintained without any discontinuity but the 
effective operating speed range is further increased. 

Maximum tractive effort can be developed when 
only a single engine is propelling the train. The 
effect of bringing into action the remaining engines 
is to increase the train’s speed. Consequently any 
route within the capacity of the locomotive when all 
the engines are available could be completed (at 
reduced speed) even if only one engine remained 
effective. 


Comparison with Other Units 


Fig. 3 shows the tractive effort and drawbar horse- 
power characteristics of the Fell locomotive com- 
pared with those of British Railway’s diesel-electric 
locomotives No. 10,201 of 1750 bhp and No. 10,203 
of 2000 bhp. This figure also shows similar curves 
for two of British Railways standard steam loco- 
motives, the Class 5 4-6-0 (type 2-3-0) and the Class 
7 4-6-2 (type 2-3-1). 

The advantages of the Fell system, and the limi- 
tations of the existing design, are well illustrated 
by the curves for drawbar horsepower. At the lower 
end of the speed range the horsepower produced by 
the Fell locomotive increases progressively as the 
number of engines engaged is increased, until it 
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equals that of the 2000-hp diesel-electric locomotive 
at 26 mph, and is then superior to it up to 67 mph, 
by which time the governors are already beginning 
to cut down the fuel rate to the main engines. At 
the peak of its curve the Fell locomotive is producing 
33% more drawbar horsepower than the diesel- 
electric locomotive. The peak drawbar horsepower 
of the Fell locomotive with only three main engines 
engaged is almost exactly equal to the maximum 
drawbar horsepower of the diesel-electric locomo- 
tive. The maximum drawbar horsepower of the Fell 
locomotive exceeds that of the Class 7 steam loco- 
mot ve, but to equal the latter considerably more 
than 2000 bhp would be required with electric trans- 
mission. 

The differences in the relative efficiencies of the 
two types of transmission are further brought out 
in Fig. 4, which shows over the speed range the 
maximum available drawbar horsepower (on the 
level) expressed as a percentage of the total brake 
horsepower installed in the locomotive. At all 
speeds the Fell locomotive produces at the drawbar 
a considerably greater percentage of its installed 
power. This is partly due to the lower losses in gear 
tra‘ns as compared with electric transmission and 
partly on account of the higher power to weight 
ratio of the Fell locomotive, which results in a 
smaller proportion of the installed power being used 
up in propelling the locomotive itself. The differ- 
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ence in power to weight ratio also accounts for the 
2000-hp diesel-electric locomotive being superior to 
the 1750-hp diesel-electric locomotive, the latter 
actually weighing two tons more than the former. 


Excerpts from discussion . 


By V. C. Barth, 


Chicago & North Western Railway System 


HIS locomotive seems to be unduly complex for a 

unit rated at 2000 hp for traction. It has six in- 
dividual engines, including altogether 60 individual 
cylinders. While it is agreed that the individual 
parts with this type of arrangement are small and 
easily handled, there seems to be a point of dimin- 
ishing returns, beyond which it is unprofitable to 
multiply parts to be handled. 

The statement that the engine builder is “now 
confident that at. least 4000 hr will be realized be- 
tween inspections” is certainty not clear. But this 
remark and other information coming from the field 
where these engines are in locomotive service indi- 
cate the probability that this means a more or less 
complete teardown and overhaul of each engine. 

It is evident that the engines are arranged with a 
unique injector control at wide variance from gen- 
erally accepted practice. At the lower end of the 
speed range (500 rpm) the injectors are arranged to 
give more fuel per stroke than at rated speed and 
full load, thus giving. a power output, as shown by 
Fig. 2, of about 420 hp with 190 psi bmep. 

The weight of air through each engine is nearly 
constant regardless of its speed. This feature is, 
of course, essential to achieve the desired tractive 
effort-speed curve similar to that of the steam loco- 
motive. I suggest, however, that this tractive effort 
curve may not be ideal or even particularly desir- 
able for a locomotive. Certainly the large increase 
in engine loading at low speed is, in itself, most un- 
desirable. 

Nothing is said about combustion problems at 
high loadings and low engine speed. It seems pos- 
sible that, in spite of the considerable period of time 
that has elapsed since this locomotive was first put 
on the rails until the present, the number of running 
hours during which each engine has been operated 
at maximum load either at top speed or at mini- 
mum-load speed with maximum injection has actu- 
ally been relative low. It seems quite doubtful that 
this locomotive has ever been subjected to heavy- 
duty service, such as is quite usual in the USA in 
mainline freight service. 


By M. A. Pinney, 


Pennsylvania Railroad Co 

WOULD like to compare the Fell locomotive’s 

speed-tractive effort curve to that of a 2000-hp 
diesel-electric locomotive common in this country. 
As the Fell propulsion engines are rated at 500 hp 
each, and as our locomotives are rated on the basis 
of horsepower available for traction at the diesel, 
it would appear both locomotives should be directly 
comparable. 

The Fell locomotives doesn’t do so well on starting 
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Fig. 4—Comparison of maximum available 
drawbar horsepower (on the level), ex- 
pressed as a percentage of total installed 
brake horsepower over the speed range, 
shows differences in relative efficiencies 
of mechanical and electrical transmissions. 
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tractive effort. The figures are 33,500 lb for the Fell 
and 65,000 lb for the diesel-electric unit. Even 
greater differences may exist, as the 65,000 lb is 
established with a 25% adhesion factor. Under 
good rail conditions greater adhesions than this 
may be obtained. The present diesel-electric unit 
profits from the characteristics of the electric drive, 
plus the fact that all weight is on the drivers. This 
deficiency in starting tractive effort may mean that 
assistance will be necessary to start a train that the 
Fell locomotive could adequately handle once it was 
moving. The diesel-electric unit could both start 
and handle the same train over a given terrain. 
The Fell unit might also be slower in accelerating 
this train from standstill, although it could probably 
accelerate a little more rapidly at higher speeds. 

A comparison of the tractive effort/speed curve 
of the American 2000-hp locomotive shows it to be 
better than that of the British diesel-electric loco- 
motive No. 10,203 (shown in Fig. 3) up to about 45 
mph, after which it is poorer. I am at a loss to 
understand this, unless there is a considerable dif- 
ference in engine characteristics. 

Maximum drawbar horsepower with the American 
unit is 1660 at 25 mph, whereas for the Fell loco- 
motive it is 1900 at 48 mph. This reflects either 
better efficiency of the mechanical drive or higher 
horsepower output of the traction engines in the 
Fell, or a combination of both. Reference to the 
bhp curve of the traction engines shows a maximum 
hp of 570 per engine at 1025rpm. With 1550 rpm rep- 
resenting 72 mph, then 1025 rpm would correspond 
to 48 mph, so I suspect the higher maximum draw- 
bar horsepower of the Fell locomotive results from 
higher engine horsepower available from its four 
engines than from the engine in the American loco- 
motive. 


I would like to ask the author several questions: 


1. Are the engines always connected to the driv- 
ers, and does the operator manipulate the regulator 
to maintain the desired speed? If so, how does the 
mechanical drive function when descending a grade 
so that speed remains at maximum but engine 
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power is decreased but not completely removed? 
What happens if speed is 72 mph but only three, 
or possibly two, engines provide all the power 
needed? 


2. Reference is made to the fact that “the drive 
was disengaged to coast down hill.” How does the 
mechanical drive function when bringing engines 
back on the line? 


3. It is noted that all drivers are coupled, either 
by side rods or by gearing. This tends to reduce 
slipping, which we experience with our single-axle 
drives on our diesel-electric units. However, even 
with steam locomotives, which had coupled drivers, 
we experienced slips at both starting and operating 
speeds. I am wondering if such slipping has been 
experienced with the Fell locomotive to date. If 
so, has the drive stood up under these stresses? If 
not, do the designers believe the drives can satis- 
factorily withstand much slipping of drivers? Ifa 
slip occurs at high speed and all engines exceed the 
speed at which the engine overspeed trips are set, 
what happens? 


By B. L. Wright and R. M. Stacy, 


Morse, & Co 


Fairbanks 


T is doubtful that the lighter weight and limited 
transmission efficiency gain of the Fell locomotive 
design would justify the mechanical complexity. 
The potential usefulness of the Fell design appears 
to be confined to relatively light-weight trains, as 
judged by American standards. 
Here are a few specific comments, directed more 
to the proposed designed than to the prototype loco- 
motive discussed by the authors: 


1. Transmission and weight: The mechanical de- 
sign of American diesel-electric locomotives is rela- 
tively simple, and has attained a high degree of 
reliability. The electrical transmission of these 
units, however, is relatively heavy and expensive 
to use on high-speed light-weight trains. 
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The prototype Fell locomotive strives for an in- 
crease in transmission efficiency over the middle 
range by using the mechanical transmission. This 
increase actually averages about 5%, compared to 
British diesel-electric 10,203, but falls 1-8% below 
that of an average American diesel-electric. Only 
1% of horsepower at speed in comparison to No. 
10,203 is gained by reduced weight of the locomotive, 
and consequent increase in drawbar horsepower. 
This reduced weight appears in some measure at- 
tributable to use of the mechanical transmission. 
However, an equivalent American diesel-electric 
weighs only 30,000 lb more, which includes 1200 gal 
each of fuel and train heating water and a much 
more rugged carbody construction. 

Also, the Fell transmission provides a very limited 
starting tractive effort, not at all suitable for North 
American service, except on very light trains; the 
mechanical transmission efficiency is very poor up 
to 30 mph; maximum locomotive speed is restricted 
by transmission stresses and the maximum per- 
missible diesel-engine speed. 


2. Maintenance: Maintenance of a straight me- 
chanical transmission has distinct advantages in 
many parts of the world where skilled electricians 
and electrical shops are unavailable. 


3. Rail adhesion: When coupled driver designs 
are used, such as on the Fell prototype locomotive, 
there is the advantage over an electric drive unit 
of superior rail adhesion, for the equivalent weight 
on drivers. This type of locomotive is not as “slip- 
pery” as an equivalent electric drive unit with in- 
dividual axle motor drive. On the latter, lead wheel 
slippage often paralyzes the performance of the 
entire unit. 


4. The multiple engine and transmission arrange- 
ments of the Fell locomotives appear to preclude 
the use of a “hood” or road-switcher type of design. 
The lower first cost and operating flexibility of the 
hood type have caused it virtually to replace the 
cab type for new American locomotives, except for 
a few special applications. 


5. Weight: Higher starting and continuous trac- 
tive efforts are required in America. Carbody and 
truck designs must necessarily be heavier. (There 
is no AAR 800,000-lb buff requirement in Europe!) 
On many American locomotives, steel or concrete 
ballast must be added to meet weight requirements 
for high tractive force; on some individual units 
ballast is as high as 70,000 lb. 

American locomotive axle loadings are high, 
owing partly to heavy equipment components, and 
to heavy structural members needed to meet buff 
load requirements, but owing mostly to the railroad’s 
need for high tractive efforts. For general applica- 
tions, therefore, reduced locomotive weight seems to 
offer little, if any, advantage, except for light-weight 
high-speed passenger trains. 

Some American passenger trains now operate 
regularly with a consist of 18-20 cars at a total car 
weight of 1400 tons or more; and with locomotives 
weighing 500 tons exerting a starting tractive force 
up to 250,000 lb, and more! This compares with 390 
tons car weight of the 12-car British test train, and 
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49,000 lb starting tractive force of the proposed 3600- 
hp Fell express passenger locomotive. 


6. Fuel and train heating water capacity: Fuel 
and train heating water capacities are very small 
in the Fell locomotives, compared to those in Amer- 
ican diesel-electrics. This gives the Fell design a 
weight advantage, but at the expense of operational 
ability for long runs. 


7. Equipment layout: Flexibility of equipment 
layout is a handicap of a locomotive with hydraulic 
or mechanical transmission. Undercar space for 
fuel, water, or air reservoirs, and the like, is re- 
stricted. 


By R. W. Seniff, 


Baltimore & Ohio Railroad Co. 


N discussing the Fell locomotive with American 

engineers one hears expressed an interesting as- 
sortment of views. Some are quick to point that 
there is congestion and poor accessibility of some of 
the components. Others remark upon the efficient 
utilization of space. Some criticize the use of four 
propulsion engines and two auxiliary engines as 
compared with American practice of one large diesel 
engine per unit. Others feel that the multiple 
smaller engines of the Fell locomotive are easier 
and cheaper to maintain than one large engine of 
equivalent horsepower—that failure of one engine 
does not completely incapacitate the locomotive. 
American engineers seem to agree on their dislike 
for the rigid wheel arrangement with crank pins 
and side rods. It is interesting to note that the 
British engineers have a tentative design for elim- 
inating them by direct drive to the trucks. 

The similarity in tractive effort characteristics 
of the Fell locomotive to steam locomotives, where 
starting torque is low compared with American 
diesels, does not appeal to American engineers. A 
steam locomotive—and it also appears true of the 
Fell locomotive—can haul a heavier train than it 
can start. A typical American diesel-electric loco- 
motive can start without assistance any load it can 
haul. Actually, it can start more than it can haul 
at a sustained speed. 

American engineers like diesel locomotives capa- 
ble of multiple operation from one engineer’s con- 
trol station. 

Although certain difficulties were experienced in 
the early stages of development of the Fell loco- 
motive, they do not appear to be any greater than 
those experienced in new designs of American loco- 
motives, nor do they appear to be inherent weak- 
nesses which cannot be engineered out of the 
machine. 

Personally, I feel that the Fell locomotive repre- 
sents a splendid engineering and machine shop ac- 
complishment, and while it may not appeal to 
American engineers for general application there 
may be special applications here where its princi- 
ples could be used to advantage. It appears that it 
should be of special interest to those countries 
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which have a shortage of electrical talent and elec- 
trical equipment production. 


Authors’ Closure 
To Discussion 


R. BARTH draws attention to the special feature 
of the Fell system that involves the use of the 
main diesel engines at approximately constant 
horsepower throughout their speed range and says 
“The large increase in engine loading at low speed 
is in itself most undesirable.” It is pointed out 
that there has been no evidence whatever in service 
to support this point of view. 

Before it was decided to build the prototype loco- 
motive, prolonged bench tests were carried out to 
make certain that there were no undesirable results 
from operating the diesel engine in the required 
manner. These tests were concentrated on running 
at the low-speed end of the range. Colonel Fell’s 
experience has always been that the ability of a 
diesel engine to produce power is limited more by 
heat stresses than by any other factor. Heat 
stresses are, at all speeds and mep’s, in the main 
dependent upon the horsepower being developed at 
the speed in question. That is to say, a diesel engine 
capable of giving 400 hp at 1500 rpm will, with the 
same standard of reliability, give 400 hp at 500 rpm, 
though the mep in the latter case is three times that 
of the former. This, of course, assumes (1) a proper 
control of maximum pressures by the use of a com- 
bustion system which ensures that higher maximum 
pressures do not coincide with the higher mep’s at 
the lower speeds, (2) sufficient intercooling of the 
highly supercharged inlet air, (3) adequate coolant 
circulation (on the prototype locomotive the water 
pumps are driven by the auxiliary engines). It also 
involves the use of specialized governors, which con- 
trol the engine in accordance with the torque curve 
shown in Fig. 2. As an example of test results on 
the engines of the prototype locomotive at 500 rpm 
and 190-psi mep the maximum cylinder pressure 
is 1060 psi with an exhaust temperature of 950F and 
with a fuel consumption of 0.38 lb per bhp-hr. It is 
submitted that there is nothing dangerous in any 
of these figures. 

It must be remembered that this locomotive was 
designed to meet British requirements and to under- 
take duties normally operated by 4-6-0 steam loco- 
motives. During long periods of operation the pro- 
totype locomotive has worked trains for which the 
duties are similar to those shown in Figs. 9 and 10 
of the complete paper. 

In reply to Mr. Pinney, it is fully agreed that the 
starting tractive effort of the prototype Fell loco- 
motive is low compared with the initial tractive 
effort of typical American diesel-electric units. In 
the latter part of the complete paper it is shown how 
the figures for initial tractive effort can be im- 
proved, though for the duties called for in Great 
Britain there has never been an occasion when the 
prototype locomotive has failed to start the load 
that it was required to pull. The figure of 33,500 lb 
does, of course, compare, favorably with that of the 
steam locomotive which the prototype locomotive 
has to replace. With regard to the remarks relating 
to the tractive effort of the British diesel-electric 
No. 10,203, the curve is taken from the British Rail- 
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ways dynamometer car results. In answer to Mr. 
Pinney’s queries, as enumerated by him: 


1. The engines are not always connected to the 
drive, as the fluid couplings are of the scoop type 
and only maintain the drive when the scoops are 
lowered so as to transmit the oil from the outer 
casing to the working members. All scoops are-~ 
withdrawn when the regulator is closed. The driver 
can, therefore, disconnect all four engines when 
descending a gradient, allowing the locomotive to 
coast, merely by closing the regulator. The gover- 
nor mechanism employed controls the torque curve 
under all conditions in accordance with Fig. 2, 
which shows the engines operating at full regulator. 
Closing the regulator has the effect of raising the 
base line, the slope of the torque curve remaining 
constant. The speed of 72 mph can only be ob- 
tained if all four engines are running. 


2. As stated above, closing the regulator dis- 
engages the scoops in all four fluid couplings. The 
drive is brought on again by opening the regulator 
and reengaging the scoops. This is operated with 
absolutely no shock to the drive, as the controls are 
arranged so that an engine will only speed up in 
response to the regulator when its scoop lever is 
engaged. 


3. A certain amount of slipping is experienced 
with the Fell locomotive at starting and at low rail 
speeds, but this is in the main due to the inadequate 
sanding arrangement, which is by gravity, as there 
is no compressed air service, the brakes and con- 
trols all being operated by vacuum. There is no 
evidence that slipping does any harm. The final 
drive is via rubber Pennsylvania quills. Slipping 
at high speed can not occur as the engine governors 
progressively reduce the effort on the driving wheels 
until it falls to zero at 74 mph, when the engines 
reach 1500 rpm, the maximum allowed. The only 
occasion when the overspeed trip operates is in the 
event of sticking of the rack bar of an injection 
pump in the manner described on p. 7 of the com- 
plete paper. 

In reply to Mr. Wright and Mr. Stacy, it is sub- 
mitted that the only measure of efficiency that 
really counts is that represented by the percentage 
of power generated by the diesel engine or engines 
which is transmitted to the drawbar. Fig. 4 shows 
that the improvement of the Fell system over the 
diesel-electric is much more than 5%, as stated. 
As an example, at 50 mph 70% of the power devel- 
oped by the engine of the diesel-electric is trans- 
mitted to the drawbar and 77% of the total power 
developed by all engines on the Fell locomotive is 
transmitted to the drawbar. Throughout the 35- 
65-mph range the efficiency of the Fell system is 
appreciably superior to that of the diesel-electric. 

Had the locomotive been designed to the Amer- 
ican loading gage with the revised transmission 
system and to meet American requirements, larger 
engines could have been used, which would have 
made it possible to meet the requirements for a 
higher starting tractive effort. 

The authors would like to thank Mr. Seniff for 
his kind and encouraging remarks, which are very 
much appreciated. 


To Order Paper No. 245... 
> ..on which this article is based, turn to page 5. 
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@ Introducing into Production 


New Manufacturing 


Techniques 


and Processes 


7] Two methods are commonly used, lab-pilot and pilot-factory. 
But the success of any method depends on organization 
coordination, proper transfer of information, and adequate 


training programs. 


Based on secretary's report by 


V. A. Dornes 


Boeing Airplane Co 


WO methods for introducing new manufacturing 
techniques and processes into production are: 


1. The lab-pilot method. 
2. The pilot-factory method. 


The lab-pilot method develops a new technique 
or process in the laboratory with staff personnel 
acting on a pilot scale prior to its introduction into 
the factory. This method is widely used in the 
petroleum and chemical industries. The airframe 
industry, however, seldom has sufficient lead time 
available to make this approach practical. 

Two areas where the lab-pilot method igs par- 
ticularly advantageous, however, are in the develop- 
ment of a chem-mill process and in the welding 
and heat treating of new alloys. Such processes 
require that each variable be thoroughly analyzed 
while all others are held constant. Statistical 
analysis for such process development is impracti- 
cal because the control of each variable is critical 
to the success of the process. Therefore, the judg- 
ment and capability of the engineer on such process 
development is basic to the solution. 

Low cost and precise control by technically quali- 
fied personnel represent the primary advantages 
of the lab-pilot method. 


The Pilot-Factory Method 


The pilot-factory approach introduces a new 
technique or process into production by using fac- 
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tory personnel in the factory area, but on a small 
scale and with technical assistance. 

This method finds greater use in the aircraft in- 
dustry as it lends itself to more of the processes and 
techniques required in airframe manufacture. 

Choosing the most competent factory personnel 
and supervision to initiate the process or technique 
is imperative to its success. Also, technical as- 
sistance is needed to. guide and survey the initial 
pilot-factory operation. 

Many new processes, which on the surface appear 
to be simple and straightforward and therefore 
need no special handling, often contain hidden 
problems which cause the initiation of the process 
to fail. A quick trial in the shop of such a process 
many times will reveal that: 


1. Tooling is inadequate. 

2. The operator needs training. 

3. Inspection criteria are not determined. 

4. There are conflicting or nonexistent pro- 
duction methods. 


The pros-and-cons of a lab-pilot versus a pilot- 
factory operation indicate that there is a place for 
both. The particular process to be initiated has to 
be evaluated and the proper approach for its initia- 
tion into the factory selected. 


Organization Coordination 


The successful introduction of any new technique 
or process into production requires the coordination 
of all of the affected organizations. Proper com- 
munication and the spirit of teamwork is vital to 
its success. 





The initiating organization must develop a plan 
and present it in detail to the affected organizations 
(sales, manufacturing, engineering, finance, per- 
sonnel, procurement, quality control). Also, it must 
be made clear at the outset who is responsible for 
the project and that questions or decisions are to 
be resolved by this responsible party. 

Usually, the successful introduction of a new 
process or technique depends upon the responsible 
organization’s ability to “sell” the people involved, 
both up-the-line as well as down-the-line. Par- 
ticularly, the program must be absorbed and have 
the whole-hearted support of the personnel actually 
doing the job. 


Transfer of Information 


One necessary evil of introducing a new manu- 
facturing technique or process is the associated 
paperwork required to transmit the needed techni- 
cal information. Said paperwork describes speci- 
fications for material, equipment, methods, and 
controls for the manufacturing process. Each re- 
sponsible organization must comply to these speci- 
fications in the manufacture of the product. They 
establish a quality level and spell out the acceptable 
method for obtaining the desired quality. 

The manufacturing process specification proposal 
is first distributed to organizations such as plan- 
ning, tooling, quality control, industrial engineer- 
ing, engineering, and the manufacturing shops for 
their concurrence. The proposal not only serves to 
more closely coordinate the requirements of the pro- 
cess, but also advises the involved organizations in 
advance as to what they will be working with. Psy- 
chologically, there is an advantage in soliciting the 
shops’ comments prior to the introduction of the 
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technique in that they tend to be more cooperative 
when the new process is being installed in their 
shop. 

A by-product of the proposal circulation is the 
initiation of training, and the determination of 
factory facilities and test equipment necessary to 
support the new process. All constructive com- 
ments that do not interfere with the technical de- 
tails “re incorparted in the finalized manufacturing 
process specification. With this workable docu- 
ment, the process is ready to be initiated in the 
shop. 

Training for the New Process 


Training of factory personnel prior to and dur- 
ing introduction of a new manufacturing technique 
requires a carefully integrated plan. The extent 
of the training required depends upon the amount 
of previous mechanic education and experience, 
familiarity with the equipment and the material to 
be used, and the complexity of the new technique. 

The first step in the training program is to con- 
vince the operator of the benefits provided by the 
new technique and to overcome the psychological 
resistance to change. When these are accom- 
plished, the technical training can start. 

There are three methods by which the new tech- 
nique can be introduced: 


1. Distribution of technical-procedure paper- 
work. 

2. Training of key personnel. 

3. Education and follow-through by service 
personnel. 


By distributing technical paperwork to affected 
personnel, supervision presumes that the operators 
and leadmen will be able to train themselves from 
the circulated documents. At times, the technical 
instruction sheets are difficult to understand re- 
quiring additional explanatory sheets which in- 
crease costs. However, this method is usually satis- 
factory for the less difficult processes or techniques 
where previous experience and equipment are 
similar. 

Training key personnel provides controlled costs 
when the personnel are sent to the machine manu- 
facturer for training. Another approach is to have 
a factory representative provide on-the-job train- 
ing. This applies particularly to the introduction 
of new complex equipment. 

Education and follow-through by a service de- 
partment is probably the most widely used ap- 
proach. The service department is here defined as 
technical staffs that act as a service to the line or- 
ganizations. This would include laboratory per- 
sonnel, manufacturing research methods develop- 
ment, materials and process engineering, but not 
the training department. 

The most complex new technique may require 
setting up a new organization to train all other as- 
sociated organizations that are involved in the im- 
plementation of the new technique. Training has 
been the link between manual and automatic oper- 
ations for the past 15 yr and perhaps it is also the 
key to intelligent application of automation as we 
may see it in the future. 


To Order SP-321 ... 
...0n which this article is based, turn to page 5. 
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Getting Missiles off the Ground... 


_.. takes special mobile vehicles that carry, service, fuel, erect 


and launch the missile. 


Based on talk by 


Daniel T. 


Sigley, 
/ St etme 


vi n 


Abridgment of a 


Southern California Section paper 


completely new problems for designers. These 
problems are met with unique solutions in the case 
of the Corporal. Here, five special vehicles have 
been constructed to service the missile in the field. 
The Erector for the 54-ton missile is probably the 
most radical in its design. 


G comple SUPPORT equipment for missiles poses 


Missile Erector 


A 35-ton, 4-wheeled, self-propelled, electrically 
operated vehicle is used to handle, transport, and 
erect the missile. It is 11 ft high, 46 ft long, and 
nearly 10 ft wide. A 375-hp Continental engine 
supplies power for its generators. 

The vehicle will make 35 mph in forward and re- 
verse over a smooth road, and lower speeds over 
rough terrain. It fords 60 in. of water. The five 
primary subsystems are: primary power, alternating 
current, direct current, steering, and missile han- 
dling. 

e A 4-stroke, 6-cyl, horizontally opposed gasoline 
engine is mounted at the front of the main frame. 
It is cooled by air induced through its shrouds. 
Overhead valves are operated by a single overhead 
camshaft. Dual ignition for each cylinder is sup- 
plied by two magnetos. The engine is directly con- 
nected to an a-c and d-c generator. These genera- 
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tors supply power for all functions of the vehicle. 

@ The a-c generator is of the rotating field type. 
Three-phase, 141 cps, current is supplied at 350 v. 
It powers open frame, squirrel-type induction 
motors, which are instantaneously reversible. These 
are used for missile handling, steering, and cooling. 

@ Propulsion of the vehicle features four com- 
pound-wound, closed-frame, 4-pole d-c motors driv- 
ing the wheels through a speed-reducing gear 
assembly. These motors are supplied by a com- 
pound-wound, separately excited 4-pole d-c gen- 
erator. The generator’s series field is differentially 
connected and its armature is coupled directly to 
the rotor of the a-c generator. Field excitation is 
provided by the a-c generator through a trans- 
former and rectifier. Each wheel motor has 475 
lb-ft torque, which is delivered through a 28/1 gear 
ratio to the wheel. 

@ Steering is accomplished on both front and rear 
wheels by a-c steering motors. They operate 
through a gear rack and tie bar which independ- 
ently turns each pair of drive wheels. This gives a 
turning circle of 46 ft. Braking on the a-c steer- 
ing motors is by spring-loaded, magnetically re- 
leased, metallic cone brakes. 

e A rotary boom carries the missile during load- 
ing, driving, and erecting operations. The boom 
swings 190 deg fore and aft in a vertical plane. 
Attached to it is a traversing support and handling 
ring assembly. Missiles are loaded when the boom 
is pointing to the rear of the vehicle. The forward 
position is for driving and the vertical for erecting. 
The boom is supported at the rear of the frame 
between arches by two ball and socket joints. It is 
powered by a-c motors. The traversing support 
can raise or lower the missile when the rotary boom 
is in the missile erecting position. 
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What's going to happen to 


American Passenger Cars 
and Why 


POSTWAR trends in design and performance 
of American passenger cars provide interesting 
clues to probable trends between now and 1960. 
In these charts and explanatory captions, Paul H. 
Richard of du Pont’s Petroleum Chemicals Divi- 
sion gives his estimates of what's likely to happen 


in the immediate future . . . and why. 


Fc 


xcerpts from talk by 


Paul H. Richard, E. |. du Pont de Nemours & Cc 


Abridged from a paper present 
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By 1960 . 


' 


CAR WEIGHT has continued upward since 1946 to its pres- 
value of 3450 Ib. This increase has been due in part to in- 
creasing use of automatic transmissions, and other power 
accessories. In the future, car weight will increase very 
little, because increasing amounts of aluminum and mag- 
nesium will be used . . . not only as trim items, but also in 
major components such as engines and transmissions. 

The buying public has wanted more performance from 
this somewhat heavier car. This desire has included both 
greater acceleration from a standing start and improved 
passing ability at turnpike speeds of 60 to 70 mph. This is 
best attained by providing more power. 


POWER TRENDS are shown here as the average advertised 
maximum horsepower for all engine models offered any year 
of the postwar period. Thus, the Plymouth six has equal 
importance with the Lincoln. In 1946, the average passen- 
ger car engine developed 100 hp. By 1957, this has more 
than doubled to 227 hp. By 1961, we expect to see an aver- 
age horsepower of 280. If this is an average value, then 
some cars will offer in the vicinity of 465 hp since it is pos- 
sible to buy 400 hp today. Thus the horsepower race will be 
with us for a few more years. 


. . what's going to happen to American Passenger Cars . 


and Why 


ACCELERATION AND ECONOMY are possible by making 
a car lighter while retaining the same engine. Horsepower 
is not all that matters in performance. If we divide the 
average shipping weight by the average horsepower, we 
notice that pounds per horsepower has dropped from 33 to 
almost 15. In the future, we can expect a value of about 
12 lb per hp. This is the range of the present Corvette and 
Thunderbird sports cars. So the average car of 196] may 
perform as well as today’s sports cars. 


THE AVERAGE CYLINDER has increased from 35 to 40 cu 
in. with a probable increase to 42 cu in. by 1961. The total 
average displacement for a V-8 engine would be 336 cu in., 
with the largest engines being in the vicinity of 475 cu in. 
This will be done to maintain or improve low-speed torque, 
while other engine-design changes will improve high-speed 
torque. Inasmuch as all cars require very nearly the same 
horsepower for level road driving (about 15 hp at 40 mph) 
these larger engines would burn the gasoline-air mixture at 
lower pressures during low-power operation. This is coun- 
teracted by decreasing rear axle ratio so that today’s engine 
runs about 10% slower than its 1946 counterpart in high 
gear driving. 


continued on next page 
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By 1960 . . What's going to happen to American Passenger 


Trend in Cylinder Dimensions 
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VALVE OVERLAP has increased from 16 deg to 34 deg and 
in the future should approach 55 deg. This is still less than 
the 60 deg used in the current Chrysler 300 C engine 

These two valve-timing events have influenced the 
power-speed relationship of our automotive engines, as well 
as their octane requirements 


The Future 


The gas turbine engine still appears to be 10 more 
years away for the passenger car. It has problems 
of critical materials, high cost of materials, poor fuel 
economy, and poor acceleration characteristics to 
overcome. When it appears, it will probably be in 
luxury cars or sports cars which can bear its high 
cost. 


The free piston, although intriguing, is not a new 
powerplant, as it has been worked on for over 20 yr. 
For the past 2 yr, the French people have been op- 
erating a locomotive powered by a free-piston en- 
gine. The problems, in general, are those of a highly 
supercharged, single-cylinder, opposed-piston diesel 
engine. It will not be used in passenger cars before 
the gas turbine. 


In general, the automotive industry will be making 
lower cars, of the same overall length and weight 
that we have today. They will continue to empha- 
size style changes, luxurious interiors, lavish use of 
color, and many forms of power accessories. 


Under the hood will be a much larger engine, made 
with increasing amounts of aluminum and magne- 
sium. It will have greatly increased compression 
ratio and will develop the greatly increased horse- 
power at higher rotational speeds. 


Some engines will have fuel injection. The en- 
gines will be connected to smaller diameter rear 
wheels through larger numbers of automatic trans- 
missions. Overall car performance will be greatly 
improved. However, these future cars will require 
higher octane fuel and improved lubricants for 
many years to come. 
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Diesels .. . 


. . . are superior engines for trucks be- 


| 


_cause they offer lower fuel, maintenance 


costs, greater availability. 


C. J. Wilhite, 


Abridgmer t a 


| St. Louis Section Paper 


OR types of service in which vehicles log a lot of 
engine hours, the diesel engine is superior to the 
gasoline engine for three basic reasons. It offers: 


1. Lower fuel cost per mile. 
2. Lower maintenance cost. 
3. Greater vehicle availability. 


Diesel fuel economy depends on the load hauled, 
ithe terrain, and the speeds run, but experience shows 
‘savings of 1.5-3¢ per mile of operation. With this 
‘must be considered the higher initial cost of the die- 
'sel-powered truck. The average differential runs 
} between $2500 and $3000. This means a higher per 
year cost over a five-year period of $575 to $690 to 
own a diesel truck. These figures represent one- 
| fifth of the total differential plus interest at 6% on 
half this amount. 

To determine the number of miles to run to break 
even with diesel power, the annual additional invest- 
/ment is divided by the cost saving per mile of opera- 
\tion. This establishes a break-even point of 35,000- 
/40,000 miles in contrast to earlier figures of 60,000- 
| 70,000 miles. 

Early diesels had size and weight disadvantages, 
‘but now diesel size permits installation in short 
| dimension chassis and the few hundred pounds ex- 
tra weight can be put on the front axle without re- 
ducing payload carrying capacity. 

There is little difference between diesel- and 
gasoline-engine maintenance cost. The trend is in 
favor of the former because of improved product 
durability, with refinements in design, such as fuel 
systems, which have up to one-third fewer parts 
than their predecessors, plus better parts availability 
and improved technical guidance. 

Gasoline vehicles require nearly 40% more main- 
tenance hours over a 4-year period than diesels do 

(about 500 hr for diesels, over 700 hr for gasoline). 
Operators are finding they can haul the same loads 
the same number of miles with 10-20% fewer diesel- 
powered vehicles, due to this decrease in down-time. 
This is the real plus for diesel power. 


he 


To Order Paper No. $38... 
...0n which this article is based, turn to page 5. 
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Simple Tests Give 


Fuel-Injection 


2sed on paper Dy 


W. C. Suttle and F. C. Mock 


URING some recent simple and inexpensive stud- 
ies of intake-port fuel injection, we experienced 
both failures and successes. For example: 


1. We were unable to find a way to keep the fuel 
spray from separating out on the intake manifold 
bends. 

2. Our “star” manifold gave very little gain in 
torque. 

3. We found that positive and individually me- 
tered fuel delivery is needed to each fuel intake port. 

4. We gained greatest high-speed torque from ram 
effect with an intermediate length of intake pipe for 
the cylinders. 

5. We decided that blowback may be responsible 
for the irregular firing at idle that is experienced 
when the jacket water is cold. 


It may be of interest for us to set forth the meth- 
ods of selection of the injection types upon which 
our work was carried out. We also feel that there is 
a real lesson to be learned from the relatively simple 
and inexpensive path we followed in order to reach 
the above results, and to make sure early in the proj- 
ect that we were on the right path. We tried to 
start with the simplest forms possible and add com- 
plication only as it became necessary. 


Intake Manifold Bends 


Fig. 1 shows some of the first equipment tested. 
Our first effort was to see if there was anything we 
could do to a fuel spray that would keep it from 
separating out on intake manifold bends. We fitted 
the transparent elbow (B) to the intake of an air 
pump, and used a series of different atomizing de- 
vices to deliver gasoline spray at the entrance of the 
elbow. C was a compressed air atomizer, inciden- 
tally, the finest of the lot; while the D forms gave 
plain high-pressure sprays. 

E was an ultrasonic vibrator that may be of some 
interest. The disc on the top is about the size of a 
cent, and was mounted on the taper shaft or “horn” 
of magnetostrictive material connected to the arma- 
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ture of a high-frequency electromagnet. This was 
mounted at the bottom of the well in the “star” 
manifold with the disc in the center of the well, as 
shown in Fig. 2. The fuel nozzle was mounted above, 
so that its spray would strike the center of the disc. 
We obtained pretty fair atomization with this ultra- 
sonic vibrator, though not as fine as with the air noz- 
zle. However, for each level of electrical input, we 
found that, above a certain rate of fuel feed, the 
drops would not bounce off the vibrator disc, but in- 
stead would accumulate to a “pillow” from whose 
edge very coarse drops would tear off. The final con- 
clusion was that the cost and size of the equipment 
were prohibitive. 

Nothing we tried would keep the fuel from sepa- 
rating at the bends and going to the outer wall by 
centrifugal force. We also used these nozzles while 
blowing through actual intake manifolds with tees, 
side outlets, and the like; and found the separation 
to be even worse than with the wood model. 


“Star” Manifold 


The idea of building a “star” manifold was to ob- 
tain a separate lead to each cylinder port from a 
central well, each outlet from the well having equal 
circumferential space and having approximately 
equal volume; and then trying to deliver the fuel in 
equal proportions to each well outlet. We tried with 
this the multiple-spray nozzle of A (Fig. 1) in which 
the fuel was discharged through eight small holes, 
one hole to each branch of the “star” manifold. 

We had to maintain 17-20-psi pressure on these 
orifices in order to keep the fuel in the up-stream 
channel of the orifice from boiling at test room tem- 
perature. For the ordinary 8-cyl car engine it 
worked out that these holes had to be 0.020-in. diam- 
eter and even then, more than three-quarters of 
their area had to be covered on idle. The spray 
stream for idle was then so small that you had to 
have a good light to see it at all. Also, the accuracy 
required for uniformity between the different holes 
was difficult to obtain. 

We found that the “star” manifold gave very little 
gain in torque; in fact, there was a loss in the mid- 
speed range, due to an unfavorable ram effect. Also, 
the idle and light-load firing was irregular and not 
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Fig. 1—Elbow used for observ- 
ing centrifugal separation of 
fuel spray at bend, along with 
various nozzle configurations 
tested, including magnetostric- 
tive element (E). 


Fig. 2—‘“Star” manifold had 
eight passages radiating from 
central well. 


INTAKE PASSAGE oa 
IDLING PRESSURE 7.5%cA. 


TOR 
MAX. TEMR 200°F 
INTERNAL PRESSURE 80%.2A. 


Fig. 3—Constant head metering with distributing valve. 





Fig. 4—Timed injection by multiple-unit pump. 


Fig. 6—Dynamometer engine was equipped with intake pipes that 
could be varied in length. 


up to standard. We blamed this on a variable blow- 
back effect, since the angular spacing of the ports 
did not coincide with the angular suction order. 


Simplitied Aircraft Injection Carburetor 


We next tried a simplified form of our aircraft in- 
jection carburetor, as shown in Fig. 3. With this, 
there was used: 


1. A pressurizing supply pump. 

2. A pressure regulator element, copied from our 
injection carburetor practice. 

3. A fuel distributor. 

4. Individual fuel lines to pressurize spray nozzles 
in each intake port. Something like this has been 
tried by a number of experimenters in the past. 


With this, one problem was the inertia of the fuel 
in the lines. At 4200 rpm, the time for each delivery 
was 1/280 sec; and with fuel supply pressures of less 
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Fig. 7—Effect of manifold passage length on com- 
pression. 


than 100 psi, any variation in line inertia was re- 
flected in the fuel delivery. 

Though at first sight it would seem that a varia- 
tion in spray nozzle spring setting should not affect 
the distribution, actually this gave us trouble at low 
speeds. Also possibly originating from the irregular 
idling condition, this setup gave us trouble with ac- 
celeration. 

From this experience with the distributing valves, 
it seemed clear that we would have to have positive 
and individually metered fuel delivery to each fuel 
intake port. There are two well-known ways of 
achieving this. There is the multiple-plunger pump, 
such as shown in Fig. 4, in which there is a pumping 
unit, fuel line, and discharge nozzle for each cylinder 
of the engine. Long-used examples of this type are 
the Bosch injection systems for diesel engines, and 
also the injection system used on our Constellation 
and DC-7 airplanes. The other form is the common 
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rail system (as shown in Fig. 5) in which there is 
a continuous pressurized fuel line common to all the 
cylinders. The timing and metering of the fuel dis- 
charge out of this line are individually operated at 
each cylinder. This system is widely used on Gen- 
eral Motors diesel engines. 

The common rail system is particularly adapted to 
high-speed diesel engines, where the discharge into 
the cylinder must be accomplished in a relatively 
few degrees while the piston is at top center. The 
long fuel line type of Fig. 4, on the other hand, is well 
adapted to intake manifold injection for spark-igni- 
tion engines, where the injection may be prolonged 
through the full intake stroke. 


Ram Manifolding 


A gain in high-speed torque is made possible by 
utilizing the ram effect, as has been employed to 
some extent on racing engines for a long time. Fig. 
6 shows how our engine was experimentally equipped 
with separate intake pipes for each cylinder, vary- 
ing from 6 to 22 in. long. Since we had no throttles 
in the intake pipes, all performance was obtained at 
full throttle. We obtained an estimate of the air 
breathing capacity of the engine with the several 
intake lengths by driving it from the dynamometer 
and measuring the maximum cylinder compression 
pressure at different speeds. These values are shown 
in Fig 7. They are believed to be representative of 
the torque gain that would have been derived in 
actual operation. It will be noted that there is an 
intermediate length of tube that gave maximum 
compression around 1600 rpm; that there was not 
much difference between the lengths below 1200 
rpm; also, that at 3000 rpm, the torque increased 
with the length of ram tube, due, probably, to the 
greater amount of energy represented in the tube 
pressure oscillations. In other words, there was 
both a frequency effect, as indicated in the range 
from 1200 to 2000, and a total energy effect like a 
“water pipe hammer,’ which increased with the 
engine speed as well as with the length of ram tube. 

We next tried to design an intake manifold unit 
that would have individual pipes about 16 in. long 
from the center gallery to the intake valve, and 
came up first with the design shown in Fig. 8. In 
this, the chamber A, fed by its own throttle opening 
B, supplies the four ram tubes with paths Cl, C2, 
C3, supplying the left-hand cylinder block. Gallery 
D with throttle opening E had four similar passages 
located alternately between the other four, and feed- 
ing the right-hand cylinder block. 

When we came to test this manifold, we found that 
it would not idle and the light-load firing was some- 
what intermittent. We finally ascribed this to the 
blowback effect, occasionally blowing some fuel from 
C3 over into C2. 

On this hypothesis, we built another manifold, as 
shown in Fig. 9. In this, the gallery A feeds into 
four passages with paths Cl, C2, C3, which lead to 
the left-hand cylinder block, and similarly to four 
others (D), which feed the right-hand cylinder 
block. This manifold had almost as good idling 
characteristics as the standard V-8 manifold, along 
with good power characteristics. This manifold was 
tested on the dynamometer and later on a car, as 
shown in Fig. 10. Note the cold air intake. The in- 
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Fig. 8—Low-level ram manifold. 








Fig. 9—High-level ram manifold. 


Fig. 10—High-level ram manifold installation on 
method of taking cool air from forward of radiator. 





test car, showing 


° . ° ! oo : ! 
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Fig. 11—One complete engine cycle, showing how blowback occurs. 


stallation is 4 in. lower than the standard carburetor 
and air cleaner. 


Blowback 


Reference was made in the foregoing to the phe- 
nomenon of blowback. As shown in Fig. 11, when 
the engine is idling, the pressure in the intake man- 
ifold is fairly uniform and relatively low, on the 
order of 7 psi absolute; while the pressure in the 
cylinder, with the piston completing its exhaust 
stroke, is about atmospheric, or 15 psi absolute. 
When the intake valve opens, the first effect is a flow 
of burned gas from the combustion chamber out- 
ward through the intake valve into the intake port. 
After the piston goes down a half inch or so, this 


‘BLOW BACK” 
OF FUEL 
SPRAY WHEN 
INTAKE VALVE 
FIRST OPENS 
(CHIEFLY OCCURS 
AT LOW ENGINE 
SPEED) 


Fig. 12—lIllustration of blowback effect under idle conditions with in- 
jection. 





flow reverses and goes into the cylinder, until the 
piston starts up or the intake valve closes. We have 
reason to believe that sometimes, usually at low 
speeds, this blowback was sufficient to “kick” some 
of the injection fuel spray quite a way back along 
the intake manifold (see Fig. 12), or perhaps even 
to divert some of the fuel into another intake port. 
One reason supporting this was that, under such 
conditions, the idle firing was more irregular with 
the jacket water cold and leveled off as it became 
hot. Anyway, we feel that this blowback can ac- 
count for a number of the light-load irregularities 
we have encountered many times in our past car- 
buretor experience. 


To Order Paper No. $29... 
...on which this article is based, turn to page 5. 


Tips on Aluminum Die Castings .. . 


. show specialized designs are needed for high production and quality. 


Based on secretary's report by 
J. G. Boehm, 


Briggs and Stratton Corp 


OUND aluminum die castings demand the same 
good design techniques as other production meth- 
ods. High quality and low tolerances will slow pro- 
duction and increase maintenance. Some good de- 
sign and processing methods are: 


@ Put generous tapers on surfaces where part 
function is not affected. This reduces drag marks, 
tear out, and metal impingment. 

@ Keep surfaces to be machined and the place 
where the part will be held during the machining 
operation on the same side of the die. This is rec- 
ommended because it is very difficult to hold close 


tolerances from one die half to the other. 

@ Avoid holes under 0.100 diameter. 
pins have short life. 

@ Use plenty of ejector pins. Deep walled castings 
may need ejector pin bosses on the part. 

@ Design with uniform wall thickness. Isolated 
thick walls have shrink marks, poor metal structure, 
and porosity. 

@ Undercuts should be avoided. They are breeders 
of short die life, scrap castings, and die down time 
for maintenance. 

@ Automatic ladling lends itself to consistently 
good castings. Operator fatigue is also reduced. 


Small core 


Chromium plating of wearing surfaces, such as 
cylinder walls, adds to the life of the die part. Here 
the preparation of the casting before plating is the 
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key factor. Aluminum is very active chemically 
compared with steel, copper, or brass. High alloy 
contents of silicon, copper, and magnesium give 
added difficulties. 

An example of after-cast treatment of a high 
copper-silicon aluminum alloy is: 


1. Clean the casting in an alkaline cleaner. 


2. Dip in a mixture of nitric and hydrochloric 
acid. The nitric acid will remove the copper smut 
and the hydrochloric acid attacks the silicon smut. 


3. Dip in a zine oxide and caustic solution. This 
forms a zinc coating on the part and protects the 
aluminum from oxidation. 


4. Chrome plate. A poor plating job can usually 
be spotted visually. If further verification is needed, 
section the part on a rough cut-off wheel. The plat- 
ing will flake off under this treatment if the adhe- 
sion is low. 


Members of the panel which developed the infor- 
mation in this article are: F. J. Stuckert, chairman, 
Briggs and Stratton Corp.; J. G. Boehm, secretary, 
Briggs and Stratton Corp.; Frank Ferguson, Alumi- 
num Co. of America; W. E. Klein, Outboard Marine 
and Mfg. Co.; E. Mahlistedt, Metal Thermit Corp.; 
and Howard Schweppe, consultant. 
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Advisory Committee planes until 


Reported by 


E. D. Reeves 
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ARRING a completely unanticipated technological 
breakthrough, atomic energy is not going to be 
practical for highway vehicles. Moreover, much de- 
velopment work will be necessary for it ever to have 
possibilities for locomotives and commercial planes. 
The attributes of atomic powerplants that make 
their application to these forms of transportation so 
difficult are: 


@ Large size (and weight), because of shielding 
requirements. 

® High cost of fissionable material. 

@ Complicated controls and safety hazards. 


Size and Cost Problems 

Size and weight characteristics of nuclear fission 
reactors depend mostly on the shielding required. 
(The same considerations will probably apply to fu- 
sion reactors when they are developed.) The usual 
biological shield comprises at least a 5-ft thickness 
of concrete around the core. This gives as a mini- 
mum a 10-ft diameter sphere of concrete—allowing 
no volume for the reactor itself. The power level of 
the reactor influences the thickness of shielding re- 
quired only slightly. For this reason, shielding 
weight and size are relatively much more important 
in low power applications, such as for highway vehi- 
cles, than they would be in large powerplant applica- 
tions, such as ship propulsion. The weight of this 
minimum shield would be about 40 tons, and this 
would be intolerable even for the largest highway 
vehicles. 

As for reducing the amount of shielding, there is 
nothing in sight, except the “shadow shielding” 
techniques being studied for military aircraft. 
Shielding from high energy radiation is so much 
a matter of simple mass of material that it is hard to 
suggest how the shielding problem might be reduced 
to manageable proportions for applications involv- 
ing close contact with the general public. 
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The high cost of fissionable material is likewise a 
clear deterrent to the use of atomic power on the 
highway. At the present AEC price of $17,000 per 
kg of U-235, the minimum fuel investment for a fis- 
sion reactor would be $20,000-30,000. While this 
charge of fissionable material would be used up only 
slowly, there are few highway vehicles that could 
consider a fuel inventory cost of this size. (This is 
also a good reason why a household atomic pile can- 
not be seriously considered for home heating.) 

Similar considerations apply also to railroad and 
commercial air transportation. Here, both weight 
and fuel inventory are less significant because of the 
higher power output per unit. Keep in mind, how- 
ever, that these figures represent minimums, and 
that practical designs will require higher shielding 
weights and greater investments in fissionable mate- 
rial. Thus, the application of nuclear power even to 
these relatively large power consumers does not ap- 
pear to be very attractive. 

The prospects for cheap fissionable material are 
still far in the future, and it is unlikely that an 
equilibrium price would be lower than, say, 10% of 
the present level. 


Controls and Safety 


At present nuclear reactor controls are compli- 
cated, and considerable simplification will be neces- 
sary to make them satisfactory for general public 
use. The hazards involved in accidents that might 
destroy the nuclear reactor and discharge large 
amounts of radioactive fission products are appar- 
ent. While some sort of catastrophe containment 
could, no doubt, be built into these plants, especially 
for railroad and aircraft applications, the opportun- 
ity for a major disaster would always be present. As 
with the size and investment limitations, the haz- 
ards problems assume less significance in the appli- 
cation of atomic power to the propulsion of big ships, 
largely because of reduced traffic density and rela- 
tive isolation during most of the operating period. 





Improving 


Aerodynamic 


Requires Concerted 


Based on secretary's report by 


R. J. Nicholson, 


Douglas Aircraft Inc 


HE term aerodynamic smoothness or aerody- 

namic cleanness as used by the aerodynamicist 
denotes the degree to which an aircraft ap- 
proaches a smooth polished surface without such 
drag producing items as rivet heads, skin joints, 
antennas, and leakage. Also included in this 
field are the resultant effects of such items as 
surface finish, waviness, wrinkles, and mismatch 
of surfaces. 

A comparison of the modern aircraft of today 
with the externally-braced biplanes of the twen- 
ties reveals the rapid strides that have been made 
in this field. But there is also ample evidence of 
the production changes and improvements that 
have had to be made to bring about this transi- 
tion. 

It is also apparent that further improvements 
in aerodynamic smoothness will probably be 
made, but not without affecting the methods, 
rates, and costs of production. 
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HE requirements for aerodynamic smoothness are 
increasing more rapidly than the techniques, skills, 

and abilities necessary to achieve an aerodynami- 

cally clean airplane. As a result, compromises less 
than the ultimate must be accepted at present to 
achieve production rates at acceptable costs. Fur- 
ther improvements in this field will necessarily be 

a combined effort of Aerodynamics, Design Engi- 

neering, Tooling, Fabrication, and Inspection. 


Aerodynamic Requirements 


By providing minimum drag, aerodynamic smooth- 
ness contributes measurably to higher performance 
for military and commercial aircraft. 

Total drag can be separated into induced drag, 
parasite drag, and profile drag. Induced drag and 
parasite drag are functions of airplane geometry 
and are beyond the control of manufacturing. Pro- 
file drag is a function of airfoil shape and surface 
conditions. Manufacturing does have control over 
surface conditions and consequently can work to- 
ward profile-drag reduction. 

A laminar boundary layer is a thin stabilized layer 
of fluid immediately adjacent to an aerodynamic 
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surface. It is ideal if it provides low profile-drag 
coefficients. It can be maintained by providing a 
favorable pressure distribution over an extensive 
portion of a wing or body. Local surface conditions 
such as waviness, steps, and gaps exert much in- 
fluence on local pressure, with the forward portion 
of a surface the most critical. 

Waviness can be caused in manufacture and by 
in-flight stresses. Steps and gaps can be controlled 
both by design and manufacture. Boundary layer 
control can be used to maintain a favorable laminar 
flow. 

Airplane performance calculations show that bet- 
ter aerodynamic surfaces can reduce profile drag by 
40% and this, in turn, increases the lift-to-drag 
ratio by 25%. 


Design Requirements 


The aircraft designer must meet the demands for 
improved aerodynamic smoothness through tighter 
design tolerances, but with an eye toward costs. 
This requires an understanding of the need for tight 
tolerances as well as a knowledge of shop capability. 
Tooling aspects must also be considered. 

Tolerance control must be on the final part, that 
is, assembly tolerances must be provided, not merely 
detail tolerances. The designer cannot conclude his 
efforts without preparing an overall aerodynamic 
tolerance drawing which is used to pin together all 
tolerance requirements on the finished article. 


Tooling Requirements 


It is probable that an optimum aerodynamic shape 
could be produced by machining the entire outside 
surface as one piece. But where can we find pro- 
duction machines to handle the job? So, we com- 
promise by using as few parts as possible, with a 
minimum of joints. Furthermore, lap joints are 
eliminated and butt joints are filed. Rivets and 
bolt heads are recessed or shaved. And, the airplane 
is effectively sealed to prevent uncontrolled flow into 
and out of the airplane. 

But from a tooling viewpoint, there are three areas 
in which deficiencies tend to bring about deviation 
from the smoothness requirements: 


1. Contour control. 
2. Sound manufacturing practices. 
3. Workmanship. 
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Smoothness 


Effort 


An examination of a traditional system for the 
production of contour controlling part reveals a de- 
velopment of tooling in which errors may accumu- 
late. Often, the final installation shows enough 
deviation to seriously fall short of smoothness re- 
quirements. Inherent errors of the system have 
been built in. 

Manufacturing procedures must be analytically 
reviewed to determine if changes are required so 
that errors affecting contour control will not accu- 
mulate. A system can be developed in which dis- 
crepancies originating during manufacturing are 
never more than one step removed from practical 
perfection. 

The tooling program must recognize and facilitate 
sound manufacturing practices. Common causes for 
discrepancies must be analyzed and the tooling pro- 
gram scientifically designed to compensate for them 
or to eliminate them. 

The tooling program must also recognize the hu- 
man element. Regardless of the accuracy of the 
tool, a man must use it. To get the most from the 
tools, the environment in which they are used must 
be conducive to the workers’ best efforts. 

Attention to small details will develop a sound 
tooling program. Scientific design, and the most 
up-to-date fabricating methods for tools must be 
used. Every step must be analyzed to make certain 
that it is contributing to the advanced smoothness 
requirements specified by the product engineer. 


Fabrication and Assembly 


The technological advancement of modern air- 
craft has brought about a shift from numerous small 
assemblies to large complex fabricated parts. The 
use of these elements requires close control of ma- 
chining tolerances, and consequently more fabrica- 
tion hours to produce the desired quantity. The 
complexity of the designs and the size of the parts 
demand greater fabrication effort to meet the pro- 
duction rate. This requires: 


1. High-cost capital equipment in fabrication. 
2. Special handling equipment in fabrication. 

3. Massive transportation equipment. 

4. Large-capacity overhead crane systems. 

5. Additional floor space requirements. 


All of this special handling and scheduling have 
had an impact upon production in the form of de- 
layed learning-curve programs, duplication of set- 
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ups, extra parts handling, and such, thus increasing 
costs and creating demands for higher skilled per- 
sonnel. 

Many of the surface condition improvements made 
in the past 15-20 yr have had a definite effect on the 
assembly requirements. The elimination of pro- 
truding head fasteners and lap joints are typical 
examples of these improvements. 

Light gage frames and skins are susceptible to 
distortion from dimpling and riveting. The skin 
joints require hand filing to achieve the butt fit 
which is required. 

The large size of the wing skins magnifies the 
handling and storage problem. The substructure 
needs hand finishing by blending or fairing the root 
rib to the spars. The angularity of the holes must 
be closely controlled to achieve a flush attachment 
on the fastener heads. 

The fuselage assembly presents the same problems 
of skin fitting and trimming. In addition, there are 
unique problems caused by the lack of physical uni- 
formity of the hard metals. This lack of uniformity 
results in inconsistent detail parts even though they 
are made on accurate form dies. 

The assembler must assume sole responsibility for 
the proper and workmanlike use of the tools, jigs, 
and parts that are provided for his operation. Be- 
yond this he can assemble very little surface smooth- 
ness into the end product that is not in the parts and 
tools. 


Inspection Requirements 


New developments demand new measuring de- 
vices, new process controls, and new manufacturing 
methods. This will require education and training 
for the inspector, to protect production from the 
impact of an inspector who is not developing with 
his job. 


To Order SP-321... 
...on which this article is based, turn to page 5. 
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Fatigue tests proved 
by 3 statistical checks 


Statistical techniques give the designer an accurate 


yardstick on the use of fatigue test data. 


Product 


failure, reliability of results, and product improvement 
can be measured by three methods. 


rt hy 


Leonard G. Johnson, 


Table 1—Median Ranks Used for Plotting 
Probability of Failure 


Sample Size (n) 


1 2 3 4 5 8 9 10 
0.0741 0.0670 
b 0.1632 
0.2594 
0.3557 
0.4519 


0.5000 0.2929 0.2063 0.1591 0.0830 
0.7071 0.5000 0.3864 
0.7937 0.6136 


0.8409 


PERCENT FAILED (MEDIAN RANK x 100) 


| 
30 40 50 4100 200 300 400500 


LIFE (HR) 


10 20 


Fig. 1—Five bearing fatigue failures plot as a straight line on 
Weibull probability paper. This paper is scaled so failure times 
and median ranks can be plotted directly. The median life in 
this case is 150 hr. The engineer can best determine the scat- 
ter of the test points on such a graph because theory dictates a 
straight-line relationship. 


HREE fatigue problems that must be solved by the 

materials engineer are: estimating the probability 
of failure; demonstrating the reliability or confi- 
dence of the estimate; and detecting a real im- 
provement in fatigue life of an “improved” material. 
Mathematical models are used to approximate true 
fatigue properties of a population of specimens. 
Factors such as condition of material, loading, 
speed, temperature, humidity, and lubrication make 
this simplification necessary. 


when will failure occur 


The Weibull distribution is a method of estimat- 
ing the probability of failure. Each specimen is as- 
sumed to be made up of links, and fatigue failure of 
the weakest link happens at time a. The percentage 
of failures at any time z occurring after a is then: 


} ( x-a ) b 
F(z) =1l-e ‘4? 
where b and @ are parameters to be determined ex- 


perimentally. For plotting purposes the equation 
reduces to: 


In In ( =c+binz 


1 
1-F(z) 
where c=-—bD In @ and a is assumed equal to zero. 
This assumption only moves the base line of the 
failure curve toward the first failure point. 

F(z) is determined by median ranks. If only one 
test specimen is tested out of many parts then the 
chances are that half the parts would have failed 
before the one tested and half after it. The per- 
cent of failure assigned to a single test specimen is, 
therefore, 50%. Similiar percentages, or median 
ranks, exist for any finite number of test specimens. 
Table 1 gives median ranks for a sample size n up 
to 10. 


Presented at a meeting of Division 4— Residual Stresses of 
the SAE Iron and Steel Technical Committee. 
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In practice, the times of failure of specimens are 
plotted against the appropriate median rank values 
on Weibull probability paper. (This paper has In In 
-— In rulings to make the probability equation appear 
as a straight line.) The percentage of failure can 
be read off the graph for any time desired. Alter- 
nately, the parameters b and @ can be determined 
and the probability equation used. b is the slope of 
the curve and @ is the time corresponding to 63.2% 
failed. (Setting ¢= 2 in the first equation and a=0 
give F(@) =1-e-!=0.632.) 

An example of fatigue failures is shown in Fig. 1. 
Five bearing samples were tested and failed at the 
following times: 


These values are plotted against the median ranks 
for n=5 in Table 1. 

The a=0 assumption is good for this example as 
the plot shows up as a straight line. If this was not 
the case, time would be subtracted equally from all 
the zx values until a straight line resulted. This a 
value must later be added to results read off the 
curve to get true life at any percentage of failure. 


how accurate is the answer 


Telling the tolerance on an answer is done with 
confidence bands such as shown in Fig. 2. Here the 
Weibull slope is assumed known at 1.0. For a given 
confidence, in this case 90%, the bands show the 
number of samples that must be tested to insure 
the fatigue life of the lot of parts being checked. 
The number tested will be greater than shown by 
the confidence bands since the original Weibull 
Slope is actually estimated from test data and, this 
adds additional error to the calculation. 


has the product improved 


When testing a new material against an old one 
the question is asked “Does the observed improve- 
ment in fatigue life mean a real improvement in 
product?”’. The answer is in a different set of con- 
fidence curves, an example of which is shown in Fig. 
3. Here the ratio of mean life of the two materials 
is plotted against the probability that the ratio is 
greater than 1. This probability is called the confi- 
dence number. The mean life of either material is 
the time at which 50% of the specimens will fail. 

The engineer can read off the graph the number 
of tests he must run to assure an improvement in 
product with a predetermined confidence. Again 
his estimate must be conservative because Weibull 
slope is estimated from test data and the curves are 
for theoretical values. In the graph shown the mi- 
nimum life, a, is assumed zero. 
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Fig. 2—Accuracy of failure prediction depends on the number of 
specimens tested. Confidence band graphs such as this one are 
available for different percentages of confidence and Weibull 
slopes. Graphs are plotted for theoretical slopes which can only 
be approximated by test results. Graph tolerances should there- 
fore be treated as optimum values. 
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Fig. 3—Improvement of a product is determined from a confi- 
dence number graph. As the number of samples (m:) of the old 
material and the new material (n.) increases, the probability that 
the mean life ratio is greater than unit increases. The mean 
life ratio is the measure of product improvement. For example, 
the confidence number or probability of a ratio greater than one 
is 91% for a mean life ratio of 1.3 and a degree of freedom of 
3000. These graphs are available for other Weibull slopes. Again 
the curves are for exact Weibull slopes and results should be 
treated conservatively. 


73 





FUMIGATION 


... kills diesel smoke 
... improves performance 


Based on paper by 


M. Alperstein, W. B. Swim, and 
P. H. Schweitzer 


ennsylvania State University 

UMIGATION—or the introduction of part of the 

diesel fuel charge into the intake manifold as 
a fine mist—has been found: 

@ To improve operation with normal fuels. 

@ To allow satisfactory operation with substand- 
ard fuels. 

When used with normal fuels, such benefits as 
the following may be realized: 

@ Reduced exhaust smoke or increased smoke- 
limited power output. 

@ Reduced fuel consumption. 

@ Shorter ignition lag. 

@ Lower maximum rate of pressure rise. 

@ Smoother, quieter operation. 

With fumigation, it has also been found that a 
diesel engine can operate satisfactorily on sub- 
standard fuels down to 0 cetane number. 

Maximum benefits from fumigation accrued when 
inducting fuel in the form of a very fine mist (not 
over 4 microns) produced by “‘Micro-Fog.” As yet 
an economical method of producing this finely 
atomized fuel spray in large quantities has not been 
found. However, significantly improved perform- 
ance was also obtained by the use of inexpensive 
pneumatic spray nozzles that require only a small 
amount of low-pressure air for operation. 


Normal Fuels 


Results of constant brake load tests are shown in 
Fig. 1. A good grade of 44-cetane-number diesel 
fuel was used for both the primary and supplemen- 
tary fuels. Micro-Fog (an apparatus producing 
a very fine mist of droplets under 4 microns) was 
used to introduce the supplementary fuel. It can 
be seen from Fig. 1 that the addition of the supple- 
mentary fuel caused a reduction in smoke density 
from 60% (full-load starting point) to 12%. A 
significant decrease in the fuel consumption (8.6% 
at 11% supplementary fuel) was also noted, with a 
marked decrease in exhaust gas temperature. Fig. 
1 also shows that the ignition lag drops to zero at 
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24% supplementary fuel rate. Then preignition 
occurs. Smoother, quieter operation was obtained, 
due to the lower rate of pressure rise, although the 
maximum pressure increased. 

Fig. 2 portrays results when the smoke density was 
kept constant at 60% CRC smokemeter reading, 
which is barely visible exhaust. The bmep was 
found to increase about 18.6% when 20% of the 
total fuel was supplied with the intake air. The 
fuel consumption was found to decrease only about 
4.3% when approximately 10% of the fuel was 
fumigated. 

Firing pressures and rates of pressure rise change 
as before, ignition delay becomes zero at 20% sup- 
plementary fuel rate. 

Fig. 3 shows superimposed pressure diagrams. 
The higher compression pressure of the fumigated 
engine over the standard engine indicates the pres- 
ence of exothermic preflame reactions. It shortens 
the ignition lag and decreases the maximum rate 
of pressure rise. 

The tests illustrated in Figs. 1-3 were performed 
with an injection advance of 13 deg btc, which was 
the optimum injection angle for an unfumigated 
engine. From the pressure traces, it appeared that 
later injection would further improve the engine 
performance. 

Tests with variable injection angle have indeed 
shown that specific fuel consumption decreased 
with retarding injection and optimum was reached 
at 7 deg advance. The specific fuel consumption 
was then 9.8% better with 14.5% fumigation than 
with no fumigation. 

In a conventional engine a slight advance of in- 
jection usually makes the engine rougher but im- 
proves the fuel consumption, but in a fumigated 
engine it is the other way round, as shown by the 
following table: 


Injection Advance 

No Fumigation 
Bsfc, 1b/bhp-hr 

10%% Fumigation 0.624 0.591 


The smoke density was kept constant at 60% dur- 
ing the tests. 

Test results of three methods of introduction of 
the supplementary fuel are shown in Fig. 4. Per- 
formance in these constant smoke tests was im- 
proved by any one of the three methods, but the 


13 Deg 
0.635 


7 Deg 
0.655 
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Fig. 1—Effect of fumigation on diesel-engine performance. Constant brake load: 57.7 psi bmep; both 
fuels: diesel fuel of 44 cetane number; supplementary fuel introduced by Micro-Fog; CFR engine; 900 


rpm; injection began 13 deg btc. 
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Fig. 2—Effect of fumigation on diesel-engine performance. Constant smoke density: 60%; both fuels: 
diesel fuel of 44 cetane number; supplementary fuel introduced by Micro-Fog; CFR engine; 900 rpm; injec- 


tion began 13 deg btc. 
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——— FUMIGATION 


Continued 


largest improvement was achieved using the mist 
generator. The vaporizer unit was penalized by the 
higher inlet air temperature necessary to operate 
the unit (250 F compared to 100 F). This was in- 
herent in the operation of the vaporizer as the plate 
used to vaporize the fuel also heated the inlet air. 
To avoid separation of the fuel from the air stream, 
no provisions were made to cool the inlet air prior 
to induction. 

Fig. 5 shows superimposed indicator diagrams of 


—1000 psi 


0%, 57 BMEP 


INJECTION —600 


40 20 20 40 


TC. 
CRANK DEGREES 
Fig. 3—Pressure diagrams at constant smoke density. Both fuels: 
diesel fuel of 44 cetane number; supplementary fuel introduced by 
Micro-Fog; CFR engine; 900 rpm; 13 deg btc injection angle. Num- 
bers mark percentage of total fuel introduced through intake air. 
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Fig. 4—Method of introduction at constant smoke density (60%). 
Both fuels: diesel fuel of 44 cetane number; CFR engine; 900 rpm. 


unfumigated and fumigated cycles with the three 
different methods of fumigation. It will be noted 
that for the greater part of the compression stroke 
the pressure increases caused by the vaporizer and 
Micro-Fog are practically equal, but the Micro-Fog 
becomes more effective during ignition and com- 
bustion. The pneumatic spray nozzle trails the 
pressure increase produced by the vaporizer before 
ignition but exceeds it after ignition. 

Tests were run using five different supplementary 
fuels (n-heptane, n-hexane, alcohol, gasoline, and 
diesel fuel) in combination with various primary 
fuels and using three introduction methods. The 
mist generator gave the best results when fumigat- 
ing diesel fuel. As more volatile supplementary 
fuels are used, the method of introduction becomes 
less critical. Fig. 6 show the results of a series of 
constant brake load tests using the five different 
supplementary fuels introduced by the mist genera- 
tor while injecting a high-grade diesel fuel. The 
fumigation of diesel fuel brought the greatest im- 
provement. 

This is equally true if the tests are run at the 
maximum load corresponding to 60% smoke (CRC). 

Tests on the Petter AVA-1 engine were conducted 
to determine the effect of fumigation in an open- 
chamber diesel engine. The pneumatic spray noz- 
zle was used. The engine had a constant geometric 
injection timing of 24 deg before top center. It 
was found that engine performance with neat 52- 
cetane fuel leaves little room for improvement. 
Constant heavy load tests, as shown in Fig. 7 gave 
smoke density and fuel consumption reductions of 
33% and 4%, respectively. With a low-cetane (31 
cetane number) injected fuel, the engine showed a 
greater reduction in smoke and fuel consumption 
(43% and 10%, respectively). 


Standard Fuels 


The reason for the unsatisfactory combustion 
of low-cetane fuels in a diesel engine is their long 
ignition lag. Since fumigation shortens the igni- 
tion lag, it was to be expected that it would facili- 
tate the combustion of low-cetane fuels. 

A 90-octane gasoline (mixture of 90% isooctane 
and 10% n-heptane) was tried first. Without 
fumigation the engine refused to run at low load 
and was erratic at high load. With Micro-Fog 
fumigation of approximately 20% of the same fuel 
the engine ran steadily. Smoother operation was 
obtained, however, by the fumigation of 12% of 
44-cetane diesel fuel, which cut the ignition lag 
from 20 deg to 10 deg and the rate of pressure rise 
from 90 to 20 psi per deg. The injection advance 
was 9 deg btc in these tests. Even so, the operation 
was far from ideal and the fuel consumption ex- 
cessive (0.73 lb per bhp-hr). 

The next primary fuel tested was a JP-5A fuel of 
23 cetane number. Without fumigation operation 
was unsatisfactory at light load and impossible at 
idle. When straight amyl nitrate was used as sup- 
plementary fuel introduced by a carburetor at a 
rate of 1/799 lb per lb of air, Fig. 8 shows the im- 
provement. Steady and smooth operation was ob- 
tained down to idle, although the fuel consumption 
was high. N-propyl nitrate and isopropyl nitrate 
gave similarly favorable results. 

A constant amount of isopropyl nitrate carbu- 
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Fig. 6—Effect of various 
supplementary fuels on en- 
gine performance at con- 
stant brake load. Bmep: 
57.7 psi; primary fuel: die- 
sel fuel of 44 cetane num- 
ber; supplementary fuels 
introduced by Micro-Fog; 
900 rpm. 
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Fig. 7—Fumigation of (left) high-cetane and (right) low-cetane diesel fuel. With high-cetane fuel: con- 

stant brake load: 97 psi bmep; both fuels: 52 cetane number. With low-cetane fuel: constant brake load: 

86 psi bmep; both fuels: 31 cetane number. With both high-cetane and low-cetane fuels: supplementary 
fuel introduced by spray nozzle; Petter AVA-1 engine; 1200 rpm, injection began 24 deg btc. 


MARCH, 1958 





——— FUMIGATION 


Continued 


reted into the intake manifold gave the results 
shown in Fig. 9 with JP-5A primary fuel in the CFR 
engine. Even alpha methyl naphthalene (cetane 
number=0) could be burned with this scheme. 
High-cetane diesel fuel introduced by a pneumatic 
spray nozzle gave similarly good results. 

Low load operation with low-cetane fuel was still 
more difficult with the Petter engine. However, 
the engine could be made to operate satisfactorily 
on low-cetane injected fuel if the proper fuel was 
fumigated. Tests revealed that the type of the 
fumigated fuel had a marked effect on the engine 
operation, and also the higher the cetane number of 
the supplementary fuel, the smaller the amount re- 
quired for acceptable performance. Excessive 
amounts (upwards of 50%) of low-cetane supple- 
mentary fuel were required to achieve stable op- 


eration, and even then the performance was rela- 
tively poor. 

Fig. 10 shows the indicator diagram of the lightly 
loaded (15.5 psi bmep) Petter engine running on 
29-cetane fuel and fumigated with 52-cetane fuel 
doped with 2.5% amyl nitrate, at the rate of 0.23 
ib per hr. 

It was envisioned that the addition of low vis- 
cosity supplementary fuel to the engine would re- 
sult in poor lubrication of the cylinder walls by the 
action of the supplementary fuel washing the lubri- 
cant off the rubbing parts. Because of this, piston 
blowby was watched continuously and an accurate 
record kept of the engine wear. The CFR engine 
has been run, using supplementary fuel, approxi- 
mately 375 hr between overhauls. The blowby did 
not increase appreciably during the course of the 
test program, indicating that the rings were operat- 
ing properly. Measurements of the rings, cylinder, 
and piston made during the overhaul period re- 
vealed no abnormal wear. 


To Order Paper No. 248... 
> ...0n which this article is based, turn to page 5. 


Fig. 8—Combustion of jet-engine fuel JP-5 (23 cetane number) is improved by fumigation of amyl nitrate through 


carburetor. CFR engine; 900 rpm; bmep: 52.8 psi. 


Left diagram: no fumigation; maximum firing: 780 psi; bsfc: 0.685 
lb per bhp-hr; smoke: 24%; injection angle: 6 deg btc; noise level: 86 db. 


Right diagram: fumigation: 2.8% amyl 


nitrate; air-amyl nitrate ratio: 799 lb per lb; maximum firing: 670 psi; bsfc: 0.706 lb per bhp-hr; smoke: 9.5%; in- 


jection angle: 4 deg btc; noise level: 82.5 db. 
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Fig. 9—Fumigation of isopropyl nitrate, low-cetane 
main fuel. Primary fuel: 23 cetane; supplementary 
fuel: isopropyl nitrate; carbureted at constant air- 
isopropyl nitrate ratio of 587/1 Ib per Ib; CFR en- 
gine; 900 rpm. (Total fuel consumption is plotted 
and lower heating value of isopropyl nitrate disre- 
garded.) 


Fig. 10—Light load cylinder pressure diagram with in- 
jection of 29-cetane fuel. Supplementary fuel: 52- 
cetane diesel fuel and 2.5% amyl nitrate; 22.6% of 
total fuel introduced by spray nozzle; Petter engine; 
1200 rpm; bmep: 15.5 psi; no smoke. 
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by FRANCES WEEDEN, engineering editor of SAE Journal, who 


made these observations while on a recent tour of Europe in connection 
with a convention of the International Society of Aviation Writers. 


In preparation for its Caravelles and U.S.=-built 
jets, Scandinavian Airlines System (SAS) has built a new 
hangar at Copenhagen and will build new facilities at 
Stockholm and Oslo. Describing the maintenance base 
planned for Stockholm, SAS's Sven Pettersson told how a 
mechanic needing a part from the stockroom will be able 
to dial the part number and have the part delivered to 
him via a 30-in.-diameter pneumatic tube. The dialed 
number is punched into an IBM card, which becomes a part 
of the inventory control record. 


SAS PLANS 
PUNCHED- 
CARD STOCK 
REQUISITION 
SYSTEM 


In Sweden, about 60% of the tickets sold for domes- 
tic travel on SAS are sold by the State Railway. You can 
arrange rail transport through SAS, too. 


SAS's maintenance dock for DC 7C's at the Copen- 
hagen airport features batteries of lights to illumi- 
nate wing undersurfaces and other obscure spots... 
real stairs instead of just ladders .. . at various 
handy locations, arrays of tools and spare parts needed 
at that time and spot .. . shock mountings for stored 
instruments . . . and tracks on which each section of 
the dock can be rolled away when the overhaul is fin- 
ished. 

SAS is modifying propeller hubs so that the oil 
won't congeal during cold portions of polar flights. 
Also, the airline is stripping interiors long before the 
time required by the overhaul schedule to add glass wool 
insulation against the fuselage surface. Purpose is to 
keep warm air being ducted aleng the fuselage to cabin 
intakes from being chilled and giving up its moisture as 
rain on the cloth ceiling over the passengers. 


DC 7C’S GET 
GLASS-WOOL 
UNDERWEAR 


In Sweden, Norway, and Denmark, English is the 
second language. Any schoolchild, many adults, and al- 
most all the engineers speak the language fluently. 
(In fact, English is the official language for SAS.) 
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(Continued on next page) 
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SAE LOOKS OVERSEAS sient tom vii ih 


SAAB HOPES 
TO MARKET 
3600 CARS IN 
THE U.S. IN 
1958 


NO “WOLVES” 
IN THIS 
CAVE 


The Swedish SAAB company has been producing cars 
since 1949, began exporting them to the United States 
late in 1956, and expected to have exported 1700 to us 
by the end of 1957. Goal for 1958 is 12,000 cars pro- 
duced and 5600 exported to the U.S. (The car is adver- 
tised to Stockholm opera audiences in slides projected 
just before the opera begins—as are many other pro- 
ducts.) Production goal for 1960 is 24,000 cars. 

The SAAB 95, newer of the two SAAB production 
cars, has a two-stroke-cycle, three-cylinder engine. All 
SAAB cars except the Sonnett racers are left-hand-drive, 
despite the fact that in Sweden traffic stays to the 
left of the road. Swedish-built buses, however, have the 
driver's seat to the right. 


The 7,000,000 people in Sweden own 700,000 cars. 
Most SAAB workers, however, at least at the Linkoping 
aircraft plant, ride to work on bicycles and park them 
hanging by the wheel in long sheds. Inside the plant, 
machinists favor shoes with wooden soles and leather 
uppers. 

Most of the workers are men, even on fine inspec- 
tion work. The men don't whistle at women visitors as 
they do in America, though ,even when one of the vis- 
itors is Sweden's leading model. 

SAAB's underground aircraft factory is built ina 
cave blasted out of solid rock. Only in the receiving 
area at the end of a truck ramp is naked rock visible. 
Workers enter through an above-ground gate building and 
ride an escalator down to the work areas. The shops are 
pleasantly lighted and very well ventilated. It's easy 
to forget you're 100 ft or more under the surface, 
"Weather clocks” tell the workers what the weather is 
above the ground. 

Underground factories are expensive to build and 
even more costly to enlarge. But they are cheap to heat 
because of the natural protection against loss of heat 
by radiation or convection. And there's practically no 
outside painting or other maintenance, a plant engineer 
pointed out. Apparently the combination of high cost of 
enlarging plus low maintenance cost leads management to 
invest liberally in floor space when new plants are 
built. The newer Linkoping shops, both above and below 
ground, are quite uncrowded, at least to an eye used to 
the conditions in American shops. 
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SAE LOOKS OVERSEAS 


SWEDES 
IMPROVE 
AFTER- 
BURNERS 


RSAF PILOTS 
SIT READY 
TO ROLL 


ATOM 
PLANTS 
BEING 
BUILT FOR 
RESIDEN- 
TIAL HEAT- 
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The supersonic SAAB 35 Draken (Dragon) double- 
delta, single-seat fighter has Swedish-built Rolls- 
Royce Avon engines with Swedish-designed afterburners. 
The Dragon is already in production but is two years 
away from full operational status. The Swedish philoso- 
phy is to provide enough volume in a basic design so 
that it can be adapted for a variety of missions — hence 
the roomy double delta. Redux=-bonded honeycomb panels 
are used in the wing. 

The transonic SAAB Lansen (Lance) is being re- 
fitted with new, slimmer afterburners, which are of 
Swedish design. It's a two-seater seen in all-weather 
attack, night fighter, and photo-reconnaissance ver- 
sions. 


Royal Swedish Air Force Lances and Hawker Hunters 
are hangared underground at bases like the one at Tul- 
linge, an hour's drive from Stockholm. At the ramp lead- 
ing from the cave to the mouth of the hangar, fighters — 
each secured to its outsized jeep tug — are lined up and 
ready to roll. The pilots aren't just nearby — they're 
strapped into the cockpit and ready for business. And 
the jeep driver and the man who rides with him to re- 
lease the drawbar when the plane has been towed to the 
taxiway are in their places too. 

In the scramble staged for our aviation writers' 
group, the first plane was airborne just about 90 sec- 
onds after the alarm sounded. 

Pilots on this kind of alert duty are relieved at 
the end of two hours. Nine bases maintain this kind of 
watch — although not all are at it 24 hr a day under or- 
dinary circumstances. That's what it's like to be pro- 
tecting a country only 9 min away from Russia. 


Sweden has air-to-air, surface-to-air, and sur- 
face-to-surface missiles — none touted as operational. 
Up till now, the armed forces' Guided Weapons Bureau has 
handled missile development on the arsenal principle. 
However, future missile projects will be handled by the 
aircraft industry. 


Two underground atomic powerplants are being built 
in Sweden. One near Stockholm will provide 70,000 kw for 
heating and 15,000 kw for electric power. Builder is 
Atomenergi, a 50%-government, 50%-private capital firm. 
The other, 60 miles west of Stockholm, and was designed 
and is being built by the State Power Board solely for 
residential heating. Both are due to be completed in 
1960. 





Chemical Milling 
Provides Many 


Freedom from warpage, close control of tolerances, and savings in operator 


skill, time, and tool cost represent just a few. 


Two major problems 


remain to be solved however: surface irregularities and etch-back. 


Dape 


Dr. Daryl G. Mitton 


a1 Plating and Processing Co 


nted as par 
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Design Applications and Advantages 
of Chemical Milling 


Milling after Forming 


Perhaps the foremost functional design charac- 
teristic of chemical milling is its ability to remove 
metal seleetively after the forming operation. 


Overall Reduction 


The process will allow overall or selective reduc- 
tion in size and weight of parts. Extrusions, forg- 
ings, castings, or deep-drawn parts which may have 
minimum-thickness requirements for successful 
configuration can be reduced in size if they are 
formed heavier than stress requirements dictate. 
Chemical milling allows reduction from standard- 
size sheets or tubes, to exactly what stress require- 
ments call for. 


Freedom from Warpage 


Extremely thin sections can be milled and, if de- 
sired, milling can be accomplished from both sides, 
simultaneously, without warpage. Freedom from 
warpage and “springing” permits closer tolerances 
to be held. 


Integral Light-Weight Construction 

Stiffeners can be designed into parts as an integral 
part of the skin. They may be curved or contoured 
so as to direct the transfer of stresses where required. 
Sandwich construction derives a distinct benefit 
from the use of chemical milling. 


Tapering 
Sheets, plates, extrusions, hat sections, and such 
can be effectively tapered by chemical etching. 


82 


Furthermore, tapering can be carried to far thinner 
section than possible by machine milling. Fairly 
sharp (1/16 in. per in.) as well as very gradual 
(0.001 in. per ft) tapers are feasible. Tapering may 
be single (from one side) or double (from both 
sides). 


Intricate Patterns 


Fairly elaborate “land” patterns are feasible with 
chemical milling. Further development in this di- 
rection is possible with increased use of the silk- 
screen process in mask application and use of the 
photo-resist process in masking. Cuts of various 
depths can make for further elaboration by progres- 
sive unmasking of the part. These patterns and 
step cuts can be accomplished on both sides of the 
part simultaneously, avoiding the expensive tooling 
and setups of machine operations. 


Closer Tolerances 


Tolerances in chemical milling in many instances 
can be kept to + 0.001 in. under severe control, and 
+0.002 in. under close control, though most prints 
call for a tolerance of + 0.003 in. or greater. This is 
far superior to the +0.010 in. common in machine 
milling. These tolerances apply to the prevailing 
chemically milled surface and not to the area im- 
mediately adjacent to the fillet radius where there 
is likely to be a slight tapering or irregularity. 

Several other factors affect tolerance. Increased 
depth of cut tends to increase variance, though ex- 
perience shows this is minimal. A large part will 
tend to vary more than a smaller part. This is to be 
expected since there is increased opportunity for a 
differential localized chemical reaction to occur 
when the surface is large. This is kept to a mini- 
mum by close tank control and mild agitation of the 
etchant. Further, the size of “pocket” with respect 
to depth of etch will affect this variance across the 
surface. There is an increased tendency for “dish- 
ing” in the small pockets. The contour of parts also 
affects the degree of variance—the greater the con- 
tour, the greater the variance. 

Regarding tolerances on land areas (length and 
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Advantages 


width dimensions), standard for the trade at pres- 
ent is +0.30 in. This is ample tolerance in most in- 
stances. This variance is a function of depth of cut 
and tooling accuracy. On shallow cuts, closer tol- 
erances can be maintained. With close control on 
moderately sized and moderately contoured parts, 
very close tolerances can be maintained. Eventual 
improvement in the arts of masking and tooling will 
reduce tolerances still more. 


Operating Advantages 
in Chemical Milling 


Time Saving 


Overall production time is saved by the ability to 
work on all areas of the part at once (including both 
sides) and by working on several parts at the same 
time (gang milling). 


Labor and Skill Saving 


The ability to work the entire part and many parts 
simultaneously reduces the labor input greatly. 
Furthermore, although the etchant tank operation 
requires high skill and intelligence, the training 
period for becoming a good operator is much less 
than for a machinist, and the level of skill required 
is not as great. 


Problems in Chemically Milling 
High-Temperature Alloys 


The most important consideration in chemical 
milling is to formulate an etchant which will give a 
smooth, uniform surface and fillet radius finish, 
with an etch rate which remains fairly constant 
through moderate temperature and concentration 
fluctuations. 

To understand the unique difference between 
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THE CHEMICAL MILLING PROCESS is essen- 
tially a simple one. The first step is to obtain a 
clean, scale-free, water-break-free surface on the 
part for uniformity and proper mask adhesion 
Next, maskant is applied, usually in several coats, 
to give ample protection. The maskant is 
sprayed, dipped, brushed, or flowed onto the part 
After curing, the maskant is cut and stripped 
from the areas where reduction is wanted 


To allow maintenance of close tolerances, a 
template is superimposed on the part to guide the 
cutting knife. The part is then exposed to the 
etchant solution. The depth of cut is a function 
of time exposure and the etch rate of the chemi- 
cals 


For ease of control, the milling rate is held 
close to 0.001 in. per min. When the desired 
depth has been reached, the part is removed fron 
the bath and water-rinsed to kill the etching ac- 
tion. The part is completely demasked and the 
end result requires very little finishing 


“Step” cuts are obtained by removing portions 
of the maskant at successive stages of the etching 
process 


Tapering is accomplished by controlled im- 
mersion of the exposed metal into the etchant 
solution 


Overall reduction is achieved by general ex- 
posure to the etchant for a controlled period 





chemical milling and machine milling, one point 
must be kept in mind: chemicals exposed to a given 
surface react in all possible directions simultane- 
ously. Surfaces should be relatively scratch and 
“ding” free prior to chemical milling. On clad sur- 
faces, the irregularities may actually be exaggerated 
because of the differential etch rate between the 
clad and the alloy. 

Another problem resulting from the multidirec- 
tional chemical reaction is that not only the ex- 
posed surface of the part is reduced, but the chemi- 
cals “eat” the metal under the edge of the mask as 
well. This “etch-back” is roughly equal to the depth 
of cut. Consequently, for holding close tolerances, 
it is necessary to make a compensating adjustment 
to the cutting template to allow for this etch-back. 
Unfortunately, while it may be generalized that the 
etch-back is roughly equal to the depth of etch, it 
seldom exactly equals it. The ratio of etch-back to 
depth of etch (the etch factor) may vary from about 
0.5 to 1.5. 

There are two limitations to patterns cut by chem- 
ical milling which are due to the phenomena of the 
etch-back characteristic: (1) The outside “corners” 
will always be rounded and have a radius roughly 
equal to the depth of cut; and (2) the width of any 
cut must be somewhat wider than twice the depth. 


To Order SP-321... 
...0on which this article is based, turn to page 5. 
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Europeans Develop 


Improved Transmissions 


by Wayne H. Worthington 


director of research 
John Deere Research & Engineering Center 


@ In this article, Worthington reports for SAE members facts 
and trends that stood out in his mind following his most recent 
technical explorations in England and the Continent. 


In particular, he relates here his findings on: 


1. Improved gearshifting for small British passenger cars. 


2. The British Automonocontrol transmission. 


3. The European infinitely variable speed tractor transmis- 


sion. 


Although preselective power shift- 
ing transmissions have long been 
used in England on heavy trucks 
For Small and buses, the British public has not 

oa: come to feel that the high first cost 
British Cars and increased fuel consumption of 
American automatic transmissions can be justified 
under their driving conditions by the resulting im- 
provements in flexibility of performance. This has 
been especially true with respect to the use of hydro- 
kinetic torque converters. 

Of particular significance in the small passenger- 
car field, where low initial cost is a significant factor, 
is the fact that Hillman expects to provide as op- 
tional equipment for its 1958 cars, a new “Manu- 
matic” transmission, which has a conventional fric- 
tion-disc clutch with a synchromesh gearbox, but no 
clutch pedal. Only the gearshift lever is used to 
change gears, which is accomplished through a con- 
trol unit that governs engine speed throughout the 
shifting operation. 

The engine throttle linkage includes two bellows, 
one of which serves to open and the other to close 
the throttle. They both override the accelerator 


Improved 
Gearshifting 
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while the clutch remains disengaged. The operat- 
ing sequence starts when the driver squeezes a 
switch on the gearshift lever, which energizes a shift 
valve in the control unit and operates a diaphragm 
motor to disengage the clutch. Simultaneously, vac- 
uum is applied to the throttle-closing bellows, which 
collapses to override the accelerator linkage. When 
the shift lever and switch are released, the clutch 
starts to re-engage, but is retarded by an airflow 
regulating valve positioned by the accelerator. De- 
pressing the accelerator speeds up re-engagement, 
as a synchronizer switch in the clutch energizes a 
second valve in the control unit, if the engine speed 
is slower than that of the driver (output) clutch 
plate. In turn, this applies vacuum to the throttle- 
opening bellows and accelerator linkage, and also 
holds the clutch in its disengaged position by block- 
ing the atmospheric vent of the diaphragm motor. 
When engine and clutch plate speeds become syn- 
chronized, the accelerator linkage again controls the 
engine speed. 

A further development in connection with auto- 
matic and semi-automatic transmissions in the pas- 
senger-car field has been in the application of the 
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Smiths magnetic particle coupling. The magnetic 
particle clutch has a number of appealing features. 
When fully energized, there is no slip, and therefore, 
no mechanical losses. When the magnetic field has 
completely collapsed, there is no appreciable drag. 
For a given flux density, that is current in the coil, 
the coefficient of friction is independent of tempera- 
ture up to approximately 1100 F. The torque capac- 
ity of the coupling is unaltered by temperature 
changes, unless these changes are sufficient to affect 
the resistance of the field coil significantly, and the 
excitation current that passes. The iron masses of 
the field pieces have considerable heat capacity, pro- 
viding great tolerance for intermittent slippage. In 
addition, the heat-dissipating characteristics are 
high. As applied to passenger cars, the electrical 
power consumption is normally in the order of 50 
watts. 

Much experimental work has been done in com- 
bination with synchronized transmissions and, al- 
though the results have not been publicized, some 
type of magnetic particle clutch is being seriously 
considered for use on passenger cars. 


The In areas where fuel is scarce 

and high priced, it is felt that 
Automonocontrol the inherently low efficiency 
Transmission of hydrokinetic torque con- 
verters cannot be tolerated on commercial vehicles. 
As a result, multispeed planetary gear sets, provided 
with preselective magnetic or pneumatic gear se- 
lection controls, have been highly developed and 
used for some years. In most cases, these transmis- 
sions have been integrated with powerplants hav- 
ing a fluid flywheel to absorb shocks and give smooth 
power engagement. 

The most recent British development in fully 
automatic control systems for heavy-duty trucks 
and buses is the Automonocontrol System, incorpo- 
rating a combination of electric, magnetic, and 
pneumatic elements. This system is the result of 
long-term research and development on the part of 
CAV, Ltd., of London. It may be applied to vehicles 
already incorporating the widely used Wilson-type, 
direct-acting pneumatic planetary gearbox, or 
adapted for use with an electrohydraulic system of 
gearshift. The only manual operation necessary for 
the vehicle driver to perform is.that of selecting for- 
ward or reverse travel. A transmission of this type 
will be incorporated in the initial iot of 850 route 
master double-deck buses, which are to be delivered 
by the ACV Group for London Transport. 

The most noteworthy feature of the control is that 
speed- and torque-sensitive elements pass signals 
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to the control unit, which integrates them to put 
into effect upward or downward gear changes as 
necessary. All electrical components are simple, re- 
liable, and time tried, and maintenance is reduced 
toaminimum. Significant savings in fuel consump- 
tion are claimed, since gears are shifted only in re- 
sponse to the exact requirements of the vehicle. 

When forward motion has been selected by the 
operator, the vehicle may be driven entirely by the 
accelerator and brake. The control system auto- 
matically changes gears according to vehicle speed 
and torque requirements. In any gear, maximum 
torque is obtained from the engine when the accel- 
erator pedal is fully depressed, thus fully realizing 
the potential engine output. 

For normal driving, when the accelerator pedal is 
only partially depressed, changes into higher gears 
are automatically effected at a speed lower than 
when the pedal is at or near the limit of its travel. 
This results in more effective loading of the engine, 
improves fuel economy, and reduces overall vehicle 
wear and tear. Similarly, the road speeds at which 
downward gear changes occur also depend upon 
accelerator position. This insures that on a level 
road, for instance, top gear will be held until the 
vehicle speed drops to a relatively low value. The 
speed values at which gearshifting occurs can be 
readily adjusted to meet operating conditions, so 
that optimum setting for any given route can be 
obtained. 

In addition to the basic torque- and speed-sensi- 
tive gearshifting arrangements, a number of special 
features have been incorporated into the control 
system. With a conventional automatic transmis- 
sion, such as that used on many American passenger 
cars, as the vehicle is brought to rest, the gearbox 
remains in lowest gear (highest reduction ratio) and 
the fluid flywheel is allowed to slip. To obviate the 
manual operation of shifting to neutral, the CAV 
control unit automatically makes this shift. When 
it is desired to start the vehicle, the operator de- 
presses the accelerator pedal, the first gear is auto- 
matically selected, and the other gears engage in 
sequence as speed picks up. 

Just as the driver of a vehicle with a conventional 
manual gear selector will normally remain in high 
gear as the vehicle coasts to rest, so does the CAV 
control unit allow the transmission to remain in 
third or fourth gear when coasting, until a speed of 
2-3 mph is reached; at this speed, the transmission 
automatically shifts to neutral, provided the foot 
pedal is not depressed. This avoids the automatic 
sequential shifting that is responsive only to travel 
speed, which characterizes the operation of most 
automatic transmissions today. Should the driver 
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Fig. |—National Institute of Agricultural Engineering tractor in front of 
headquarters of NIAE (to whom we are indebted for these pictures). 


Fig. 2—Side view of NIAE tractor showing remarkable implement clear- 
ance between wheels. 


Fig. 3—Rear view of NIAE tractor showing vision resulting from skeleton 
construction. 
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wish to increase vehicle speed when coasting, he 
depresses the accelerator pedal, which causes the 
control system to select the gear appropriate to the 
speed and torque requirement. 

The basic components comprising the system may 
be used to effect automatic control over all forward 
speed ratios or, if desired, any of the gears can se- 
main under manual control. For example, if the 
first speed of a 4-speed gearbox were required to 
operate only under most adverse conditions, auto- 
matic operation may be restricted to second-, third- 
and fourth-speed gears, leaving the first, or lowest 
speed for manual operation. 

Although this control has not been applied to in- 
dustrial tractors, it would appear to offer interesting 
possibilities. One such application would be to a 
heavy torque-converter equipped tractor operating 
a bulldozer, as it would eliminate the uncontrolled 
forward surge of the tractor as the bulldozer blade 
empties itself. Many other interesting possibilities 
are suggested by the operation of heavy off-highway 
trucks and hauling units. 


To a greater extent than is gen- 
eral throughout the United 
States, the travel speeds of trac- 
Tractor tors on European farms are de- 

aoe termined more by the require- 
Transmission ments for locomotion and crop or 
plant conditions than by implement draft. Evidence 
of many unrelated efforts to meet this requirement 
appear in a number of places. 

At the 1957 Hannover (West German) Industrial 
Fair, a number of infinitely variable speed hydrau- 
lic hydrostatic drives were shown. One German 
tractor manufacturer, the Giildner Motoren Werke 
of Aschaffenburg exhibited a small industrial trac- 
tor, powered with an aircooled diesel engine directly 
connected to a variable delivery wobble-plate piston- 
type hydraulic pump. Each of the two rear drive 
wheels was individually driven by a constant-volume 
piston-type motor. The tubular frame members of 
the tractor served as oil reservoirs and afforded a 
large cooling area around which air can freely cir- 
culate. This design was extremely neat, cleancut, 
and well worked out. No detailed specifications or 
performance data are available from the manufac- 
turer. 

In England, one leading tractor manufacturer is 
cooperating with Badalini, of Rome, Italy, to build 
a pilot tractor equipped with a Badalini infinitely 
variable hydrostatic differential transmission, used 
in combination with a multiple-speed, power-shift- 
ing, geared transmission and final drive. This trac- 
tor is designed to have infinitely variable reductions 
throughout its full range of travel speeds and, on 
account of the regenerative characteristics of the 
differential transmission, a high overall operating 
efficiency. The excellent efficiency characteristics 
of the transmission (which has been manufactured 
for years as an industrial variable speed drive, not 
requiring external cooling) indicate that a high 
operating efficiency may be obtained. However, no 
information relating to details of construction or 
performance is available. 

A third promising development is that of the trac- 
tor with hydrostatic drive built and tested in Eng- 


Infinitely 
Variable Speed 
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land at the National Institute of Agricultural Engi- 
neering, at Silsoe, Bedfordshire. The Institute is 
located on an ancient ducal estate located some ten 
miles from the industrial city of Luton, home of 
General Motors Vauxhall Works. (See Figs. 1-3.) 

This tractor is built up using the Fordson Major 
diesel powerplant, front axles, and steering gear. 
Hydraulic pressure is generated with a chain-driven 
Vickers Armstrong VSG Size 6 variable delivery, 
wobble-plate, piston-type pump operating at 40% 
of engine speed (1600 rpm). 

The volume of oil pumped is determined by the 
angularity of the wobble plate, with a maximum de- 
livery of 62.5 gal at 1300 psi in either direction. 
Each of the two rear drive wheels mounts 11-36 
pneumatic tires, and is provided with an integral 
motor consisting of five radial cylinders having a 
bore of 3% in., a stroke of 234 in., with a combined 
displacement (five cylinders) of 162 cuin. The two 
motors operate in parallel, with the direction of ro- 
tation determined by the delivery from the pump. 
The hydraulic circuit (shown in Fig. 4) is extremely 


Fig. 4—Hydraulic circuit for NIAE tractor is extremely simple. 
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simple. Each motor is designed to deliver 5500 lb-ft 
of torque at 3000-psi pressure, at 85% efficiency, in 
accordance with the formula: 


Tmax 
C = 88.75 5== 


where: 


Pax = Maximum operating pressure, psi 
T max = Maximum torque, lb-ft 
C =Swept motor volume per revolution, cu in. 
With the 11-36 drive wheel tires, the no-slip travel 
per revolution is approximately 14 ft. The maxi- 
mum pump output may then be determined by the 
equation: 
Vioump = 7.38S 
where: 
Vump = Maximum pump output, gpm 
S = Top travel speed, mph 


To provide a top speed of 15 mph, the required 
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Fig. 5—Results of drawbar tests of NIAE tractor. 





maximum delivery of the pump is slightly over 
110 gpm. 

With proper mechanical design, this transmission 
is suitable for any power up to 230 hp (that is, 110 
gpm at 3000 psi) and all that the power unit does is 
to determine the actual maximum working rate at 
any time. This is unique, in that there is no prob- 
lem of matching the transmission to the size and 
torque characteristics of the power unit, as with a 
stepped transmission. 

The importance of high operating efficiency is not 
one of fuel economy alone. It is true that transmis- 
sion inefficiency leads to higher fuel consumption, 
which users might accept. In any case, the greater 
versatility of the stepless transmission permits bet- 
ter loading of the engine and, under many condi- 
tions, the fuel consumption in terms of gal per acre 
has been found to be lower than that of its Fordson 
Major counterpart. Low first cost is of particular 
significance in the case of farm tractors. We find, 
however, that a prohibitive increase in the cost and 
complexity of construction might arise if special 
provision is necessary to dissipate transmission heat 
(such as is regular procedure with large crawler 
tractors using hydrokinetic torque converters). 

The actual efficiency of the pilot tractor is of 
especial interest to tractor engineers. Peak hydrau- 
lic motor efficiencies in excess of 90% are regularly 
obtained, and a maximum value of 94.2% has been 
recorded at 1000 and 1200 psi. The motor speed at 
3.0 mph is 18 rpm with a piston velocity of but 8.25 
fpm and experiments at speeds to 120 rpm (55.0 fpm 
piston velocity) have shown that slow speed is an 
important factor contributing to high efficiency. 

Due to structural limitations which developed in 
the pilot tractor, the maximum pump pressure was 
limited to 1300 psi. Nevertheless, measurements 
have been made of drawbar power and fuel con- 
sumption when operating on a tar macadam test 
track. The minimum fuel consumption was 0.536 
lb per db-hp-hr. This compares quite favorably 
with the official test figure of 0.530 lb per db-hp-hr 
for the Fordson Major tractor (NIAE Test Report No. 
95—new Fordson Major diesel tractor with 11-36 
tires). Fig. 5 shows the results of drawbar tests of 
the NIAE tractor (lines with points circled) super- 
imposed upon those of the official test of the Ford- 
son Major tractor. Due to hydraulic pressure lim- 


itations, the hydraulic drive failed to develop the 
maximum drawbar pull delivered by its conven- 
tional counterpart; however, within its operating 
range, the operating efficiencies of the two tractors 
are substantially identical. 

This hydraulic transmission offers possibilities for 
future development, as it lends itself well to the use 
of higher operating pressures, such as prevail in the 
aircraft industry. But it is especially intriguing to 
speculate upon the future influences of hydraulic 
transmissions upon farm tractor development. In 
the case of general-purpose tractors, improved vision 
and greater adaptability to implements can result 
from the use of skeleton construction. Hydraulic 
circuits, already in-use for industrial purposes, can 
conceivably be modified whereby a single fluid pres- 
sure source can provide propulsion power, but in 
addition be used for the operation of power steering, 
power lifts for raising, lowering, and controlling the 
working position of implements, and for remote 
hydraulic motors, which can be used to drive the 
rotating parts of drawn tillage implements and har- 
vesting machinery. The use of a conventional dif- 
ferential is entirely eliminated in the design of the 
pilot tractor. It is a simple matter, in principle, to 
provide an effective “differential lock,” to prevent 
undesired differential rotation between the drive 
wheels, or to lock either drive wheel for short 
turning. 

It is no less intriguing to consider another long- 
standing problem that might well be influenced by 
the availability of a satisfactory hydrostatic trans- 
mission—the use of 4-wheel-drive tractors in agri- 
culture. In spite of their obvious suitability for 
many purposes, these tractors have never been pro- 
duced in large numbers, presumably because of the 
difficulty of making a mechanically sound machine 
at a reasonable price. Were a basic 2-wheel-drive 
hydrostatic tractor available in quantity production, 
it might possibly be converted to 4-wheel drive by 
the substitution of a different front axle with front 
wheels incorporating wheel-motors. In spite of the 
money problems which must be solved and avoided, 
it is nevertheless impressive that more than one of 
the leading contemporary overseas tractor engineers 
no longer speaks in terms of if tractors with in- 
finitely variable speed transmissions come into pro- 
duction, but rather when. 


Light Source Expected to Provide New Standard for Linear Measurements 


mw Advances in nuclear science have provided two new interferometer light sources, 
mercury 198 and krypton 84. It is expected that one of these sources will be selected 
to replace the meter bar standard as the primary standard for all linear measure- 


ments. 


The new sources provide finer fringe lines and are usable over longer distances. 
Mercury 198, an isotope of mercury formed by bombarding gold with neutrons in a 
cyclotron, has a useable length range up to 20 in. This source is preferred by the 
United States and England. Krypton 84 provides a useable length range up to 36 in. 
and is currently favored by Germany and Canada. 


—E. L. Byrkett 
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Impedance Sharpens Vibration Protection 


. Over and under design is spotted when vibration is studied in relation to the effect 


of equipment on its supporting structure. 


3ased on paper by W. W. Harter Northrop Aircraft, Inc 


NOWLEDGE of the mechanical impedance of sup- 
porting structure can pinpoint the protection 
needed for equipment. The damaging vibrations 
transmitted by the structure are themselves affected 
by the mounted equipment. To calculate the over- 
all effect accurately, the “unloaded” motion of the 
structure and its impedance must be known. 

The motion of a structure is usually known before 
sensitive equipment is mounted on it. The first 
question is, ““Are shock mounts necessary?” Fragil- 
ity of the equipment is then compared to the mo- 
tion of the structure. If the imposed motion is less 
than the fragility rating, no vibration isolators are 
needed. However, this answer may be wrong if the 
equipment sufficiently alters the damping, mass, 
and stiffness of the structure. 


Defining Impedance 
Mechanical impedance of the structure (source) is 
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FREQUENCY (cps) 


defined as the ratio of externally applied sinusvidal 
force to the resulting sinusoidal velocity. Both of 
these terms are complex numbers and may be out 
of phase with each other, impedance being meas- 
ured with the structure unloaded. The real part of 
the impedance is a measure of the damping in the 
structure, while the imaginary part is a function 
of the structure’s mass and stiffness. 

An example of avoidance of over design is shown 
in Fig. 1. Here the magnitude of the source vibra- 
tion is greater than the fragility of the equipment 
in the frequency range of 56-110 cps. After the 
source impedance is used in the calculations, the 
actual vibration of the structure and the equipment 
fall within the fragility limits of the equipment. 
Also, the equipment might have failed, even with 
vibration isolators, if the hump in the final curve 
wasn’t predicted. 


To Order Paper No. 194... 
. on which this article is based, turn to page 5. 
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Fig. 1—Failure of equipment cannot accurately be predicted if its fragility is compared directly to the motion of the supporting structure be- 


fore the equipment is mounted. 


can be calculated. The righthand graph shows that vibration mounts are not needed. 


By measuring the impedance of the structure, the effect of the equipment on the motion of the structure 


However, a preliminary comparison, not considering 


structural impedance, would lead a designer to call for vibration mounts. (left hand graph). 


MARCH, 1958 





There's ae 


~<+—— AIR STORAGE FLASK CYLINDER 
RELIEF VALVE 
SELECTOR VALVE 


a <4 PRESSURE REGULATOR 
& RELIEF VALVE 


Place ——_—- 


for High-Pressure Pneumatics 


RVA E 


TRANSMISSION DISTANCE __ / = ’ 
= : wil 
eeneeent 


eames 
eas 


& FILTER 


As Well as Hydraulics 


aper by 


H. E ‘Wright 


on, General Dynar 


ACTUATING 
CYLINDER 


IGH-pressure pneumatic systems compete favorably with hy- 
draulics for short-duration high-horsepower aircraft applications. 
They are very likely to come into wider use because air is an excel- 
lent fluid with which to face such conditions as high temperature 
caused by aerodynamic heating and the effects of nuclear radiation. 
Moreover, closed pneumatic systems can be anticipated since they 
would improve the efficiency of the compressor and permit con- 
tinuous operation of the system at a low weight. 
Here the two systems are evaluated by considering separately each 
of the three major parts—actuating cylinders, transmission lines, 
and energy sources. 
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Actuating Cylinders 
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Comparisen of the two systems in terms of work versus the actual weights of 35 cylinders used in pro- 
duction aircraft. The maximum work in foot-pounds is the product of the stroke and the cylinder force 
at operating pressure. The 1500-psi operating pressure cylinder of the pneumatic system weighs more 
than the 3000-psi one of the hydraulic system for the same work output. This is the major reason for 
not using lower operating pressures in pneumatic systems. Work shown is the tension work. As this is 
usually the highly loaded side on most installed cylinders, it was assumed to represent a realistic con- 
dition. The weight comparison is very close on the low output range, but as output work increases the 
hydraulic cylinder is the heavier. Oil contributes substantially to this weight. 
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“0 ao “ 
MORSEPOWER OUTPUT 


Comparison in terms of pounds per horsepower output plotted against horsepower output level, assum- 
ing a 1-sec and 3-sec actuation time for full stroke. The hydraulic cylinder output is based on 2000-psi 
pressure in the cylinder because maximum horsepower output of a hydraulic system can be obtained 
when the system pressure drop is approximately one-third of the system supply pressure. The pneu- 
matic cylinder output is based on a 10% pressure loss because pneumatic lines are more efficient than 
hydraulic ones and because space limitations make desirable keeping the actuating cylinder from becom- 
ing too large. 


(Continued on next page) 
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There's a Place for High 


Transmission 


























WORSEPOWER OUTPUT 


Available horsepower out of the tubing (at 70 F) as a function of transmission distance, which is the 
length in feet between energy source and actuating cylinder. Pressure loss is considered in both flow 
directions because the loss in pressure created by the flow to the cylinder should be added to the pressure 
created by the flow away from the cylinder. It is assumed that the pressure of the energy source for the 
hydraulic system is 3000 psi and that one-third of that pressure will be lost through friction, a situation 
mentioned above as producing maximum horsepower output. Pressure loss in the pneumatic tubing is 
150 psi or 10% of the pressure of the energy source. Pressure at the energy source will vary, but we 
must consider the worst case, when the air flask is at the lowest pressure, assumed to be 1500 psi. The 
pressure reducer will be at the air flask outlet. 




































































TUBING WEIGHT PER HORSEPOWER GUTPUT. LOSHP 


Comparison of pounds weight per horsepower output as a function of transmission distance and also 
as a function of the magnitude of the horsepower output. Weight of tubing, fluid, and fittings has been 
included. These graphs show hydraulic tubing weight increasing approximately 35% when the temper- 


ature is lowered from 70 to 0 F. 
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Pressure Pneumatics — — — continued 
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HORSEPOWER OUTPUT 


A similar plot showing available horsepower out of the tubing at 0 F. Temperatures of 70 and 0 F rep- 
resent realistic operating temperatures for design conditions. Temperatures lower than 0 F impose a 
severe penalty on the hydraulic tubing and make necessary some means for heating the oil. A tempera- 
ture higher than 70 F could be reached easily under high-speed flight conditions because of aerody- 
namic heating, but it cannot be assumed that the airplane will always fly at supersonic speeds. In ob- 
serving the effect of temperature on hydraulic tubing output, note also that pneumatic tubing decreases 
in available horsepower out at the lower temperatures. As temperature drops, the viscosity of the air 
decreases, as does the velocity for the same weight flow, thus the pressure loss is reduced. The avail- 
able horsepower output is lower because the pressure-volume relationship of a pound of air is reduced 
by lower temperatures and compressibility factor. 
































2 ‘; 8 
POUNDS PER HORSEPOWER OUTPUT. Les wr 


Comparison of pneumatic tubing similar to that shown at left for hydraulic tubing reveals little change 
in tubing weight over the same temperature range of 70 to0 F. These charts, coupled with those shown at 
left, make evident the high efficiency of pneumatic lines. Hydraulic lines are approximately 10 times the 
weight of the pneumatic lines, with the pressure drop in the hydraulic lines more than six times that in the 
pneumatic lines. 


(Continued on next page) 
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There's a Place for High Pressure Pneumatics — — — continued 


Energy Source 


























A common base for comparison of a hy- 
draulic pump and an air flask can be had if 
a pound per horsepower for a given time is 
used. In a hydraulic system, the pounds per 
horsepower is the same for any length of 


time. This is based on assumptions that (1) 
the pump is driven mechanically from the 
main engine and (2) extra fuel required to 
drive the pump is negligible. In pneumatic 
systems, the weight of the air storage con- 
tainer depends on the duration of time the 
horsepower is required. 

On this chart, pounds per available horse- 
power are plotted against the available horse- 
power supplied to the actuating cylinder. The 
energy source is a variable volume hydraulic 
pump. A fixed displacement pump would be 
lighter, but the trend is toward the variable 
volume pump driven continuously by the en- 
gine, which avoids the large pressure surges 
occurring when loading and unloading the 
fixed displacement type. Pump weights are 
based on production pumps and a speed of 
3700 rpm. Specific weight of the pump 
(pounds per horsepower) reduces as the out- 
put horsepower level is increased. A pump 
efficiency of 92% and a pump output pressure 
of 3000 psi at the maximum flow are assumed. 
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Weight per horsepower output as a function of operation time at the specified horsepower. If the us- 
able air in the fiberglass flask is drawn out over a short period of time (approximately less than 1 min) 
the expansion will be very close to the adiabatic condition. If consumed over 30 min or more, the ex- 
pansion will approach the isothermal condition. The fiberglass flask reduces the weight of the pneu- 
matic system, but it also reduces the heat transfer into the air and makes the isothermal expansion harder 
to obtain. Raising the initial storage pressure from 3000 to 5000 psi gives a slight advantage when the 
expansion is adiabatic, but a large advantage is gained when the expansion is isothermal. The charts 
show the change in ambient temperature from 70 to 0 F producing very little increase in weight per 
horsepower output. 


To Order Paper No. 237... 
>» ...on which this article is based, turn to page 5. 
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Torque Converter ... 


Improvements in construction and field educa- 


. is ideally suited for shovel-cranes. 


tion of operators are bringing wider acceptance. 


Based on paper by 


F. J. Strnad, 


Link-Belt Speeder Corp 


HE hydro-kinetic torque converter has many ad- 
vantages over the direct engine drive in shovel- 
crane application. Among these advantages are: 


1. Additional power into machinery, thereby in- 
creasing productive capacity. 

2. Greater sustained torque or line pull for op- 
erations requiring extra force. 

3. Drastic reduction in shock loading of machin- 
ery, which results in longer service life of equipment. 

4. Inducing engine operation in efficient speed 
range regardless of load fluctuation. Of special im- 
portance in the usual, fixed-throttle bucket opera- 
tion. 

5. Enhances use of modern, high-speed engines 
in equipment of inherently slow-speed nature. 

6. Engine will not stall out due to load. 

7. Ability to control heavy crane loads entirely 
with the throttle for safe and precise spotting. 
Smoothness and ease of control far surpasses that 
obtained through slippage of friction clutches and 
brakes. However, this is limited to lowering loads 
not less than those equivalent to single part line pull 
at low engine idle rpm. On the high side of loads 
which can be handled in this manner, the limit is 
that of the heat exchanger. In practice, this has 
not caused any serious problems since loads handled 
on single line are generally limited by cable safety 
practice and, with the exception of logging, the 
heavier loads are then handled on multiple reeving. 

8. Better fuel economy obtained in many opera- 
tions. This is particularly true of output shaft gov- 
ernor equipped machines in bucket work. 


Fig. 1 illustrates what we consider to be an ac- 
ceptable shovel-crane converter output shaft torque 


CONVERTER OUTPUT TORQUE 


DIRECT ENGINE DRIVE TORQUE 


200 400 600 


OUTPUT RPM 


Fig. 1—Converter output torque compared with torque of direct engine 
drive. Output torque of converter at stall is approximately 200% of 
that at output shaft governed full-speed load. 
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curve, compared with the torque curve of a direct 
engine drive. For the sake of simplicity, a suitable 
converter match is assumed to be available to give 
the same full-load output speed and horsepower as 
the direct drive, while the direct drive performance 
curve is better than the average available from cur- 
rent high-speed engines. 

It will be noted that the output torque of the con- 
verter at stall is approximately 200% of that at out- 
put shaft governed full-load speed. Some difference 
of opinion still exists as to the desirable maximum, 
although 200-225% is gradually becoming recognized 
as a practical compromise for all-around operation. 
Some manufacturers permit higher torque at stall, 
but may also compromise on appreciably less torque 
at the governed output speed. We prefer to retain 
governed speed torque as near to the direct drive 
counterpart as possible, assuring higher horsepower 
at higher speeds, and thereby greater machine pro- 
duction output. 

The torque curves with horsepower curves added 
are shown in Fig. 2. While the converter output 
horsepower is no greater at governed speed, it is sus- 
tained at a higher level throughout the operating 
range. In fact, usable horsepower is available even 
at the lowest speeds, below the range at which the 
direct drive engine would stall out. In this case at 
550 rpm, which is the lower range of practical opera- 
tion for the direct drive, the converter horsepower 
is 102 against 80 for the direct drive counterpart, an 
increase of 27%. The percentage of gain varies, of 
course, at the different speeds to which the pinion 
is lugged down by load. 

This curve is significant in illustrating the addi- 
tional work capacity available in the shovel-crane, 
resulting in greater production, even when com- 
pared with this selected average direct drive engine. 


To order Paper No. 177... 
... on which this article is based, turn to pag¢! 5. 
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Fig. 2—Converter horsepower is sustained at a higher level throughout 
operating range. At lower range of practical operation for direct drive 
(550 rpm), converter horsepower is 102 in contrast to 80 for direct 
drive counterpart, an increase of 27%. 
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Convair 
Test Stand... 


... provides actual ‘fly- 
ing conditions for test- 
ing fuel system of pro- 
totype. Pays for itself 


in both time and money 
saved. 


Based on paper by 


A. 


L. Minella and R. E. Morris 
vair Division, General Dynam rf 

ULL-scale testing of the F-102 fuel system more 

than paid for the 40,000 lb test stand developed 
by Convair. Not only does it insure excellent per- 
formance in first flight but it also gives checks that 
could not be carried out in the airplane. Here are 
some of the problems which have been solved by use 
of the stand: 

The F-102 fuel system consists of two symmetri- 
cally located wing fuel tanks, each tank containing 
three separate compartment tanks interconnected 
by means of transfer tubing. Fuel transfer was to 
be achieved by air pressure from tank 1 to tank 2 
and finally to tank 3 from which it would be fur- 
nished to the engine by booster pumps. 

In practice, tank 3 would not remain full as antici- 
pated. Further testing disclosed that air evolution, 
or removal of vapor by the boost pump, was creating 
an air pocket in tank 3. To alleviate this and to en- 


Fig. 1—Full-scale fuel system test stand in nose-down position. An 
actual rig may weigh as much as 65,000 Ib. The one shown here is 
supported so as to permit any combination of pitch to + 90 deg and roll 
attitude to + 60 deg. 
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sure pumps remaining covered, it was necessary to 
install valves which would vent the trapped air over- 
board. 

Another problem on which a calculated risk had 
been taken involved feeding of fuel to the engine 
from both left- and right-hand wing tanks. It ap- 
peared that some form of flow equalization was re- 
quired to compensate for unequal tank and booster 
pump pressures, and that problem was solved. 

More recently the fuel system was called upon to 
serve the unique function of controlling the air- 
plane’s center of gravity as well as to provide fuel 
for the engine. The center of pressure of aerody- 
namic lift moves aft with increasing Mach number, 
resulting in a change in aircraft pitching moment 
which can be offset only by a change in elevon trim 
which also increases drag. To avoid this trim change 
which is required with a fixed center of gravity, it 
was proposed to transfer a given quantity of fuel aft 
upon a Mach number signal from an air data com- 
puter. Substituting a c.g. function for a control 
function would alleviate the trim drag difficulty but 
called for extremely high rates of flow to maintain 
the desired relation between the centers of gravity 
and pressure. 

For this new fuel system, the F-102 system was 
used almost intact, but a forward fuselage tank and 
two aft wing tanks were added to the transfer sys- 
tem to provide for fuel transfer and for increased 
fuel capacity. 

The high deceleration rate possible in the airplane 
makes it necessary to transfer fuel at an extremely 
high flow rate to enable the c.g. to follow the return- 
ing center of pressure. Various means were investi- 
gated to get this high flow rate and the most efficient 
was to use bleed air pressure. Associated with the 
high pressure levels required to maintain this flow 
was air solubility in fuel and its attendant effects on 
pressure drop, fuel slugging and vent losses during 
transfer. Other problems defying solution by analy- 
sis involved surge, optimum location of transfer 
tubing bellmouths, and the effect of transfers upon 
the vapor pressure of the fuel. 


Design of Test Stand 


As regards tubing, equipment, and tank configura- 
tion, the test stand is an exact duplicate of the air- 
plane. The tanks have a waffle grid steel construc- 
tion on the outside to withstand the differential 
pressure. The entire test structure is then sup- 
ported, or gimbaled, to simulate flight maneuver 
attitudes up to 72-deg dive, 91-deg zoom, and 60-deg 
wing roll. It is approximately 24 x 35 ft in size and 
has a gross weight of 40,000 lb (Fig. 1). 

The atmosphere in which the test stand “flies” is 
simulated by terminating the vent outlets of the air- 
craft system in vent pots attached to the tank struc- 
ture. These pots are connected in turn to a vacuum 
system comprising reservoir tanks and a high ca- 
pacity vacuum pump. The absolute pressure of the 
vent pots is controlled by an electronic type of pro- 
gramming controller which actuates a pneumatic 
valve in the vacuum line. In this manner, it is possi- 
ble to simulate automatically the aircraft rates of 
climb or dive during a simulated flight. 


To Order Paper No. 234... 
...0n which this article is based, turn to page 5. 
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Cooperative Research Council 
Potentials are on the Increase 


New light was cast on the results and 
potentials of cooperative fuels and 
lubricants research at a recent SAE 
Technical Board meeting by Chrysler’s 
George Huebner, currently vice-presi- 
dent of the Board of Directors of the 
Coordinating Research Council. As- 
sisting Huebner to present CRC’s pres- 
ent role and relationships to SAE, as 
well as its newly streamlined operating 
structure, were Victor Raviolo, Ford 
Motor Co., and M. K. McLeod, manager 
of CRC. 

Typical of scores of problems on 
which CRC has contributed specifically 
to needs of companies for whom SAE 
members work, three were cited. 

VAPOR LOCK had become a postwar 
passenger-car problem because of the 
hiatus caused by concentration of co- 
operative research efforts on military 
problems during World War II. So, in 
1946 teams of automotive and petro- 
leum technicians were assigned to the 
problem under the guidance of a CRC 
group. Techniques were improved and 
reliable data were quickly developed. 
(Besides, younger engineers were able 
to become familiar with the problem.) 
Result: Vapor locking tendencies were 
reduced and suitable standards were 
established to assist in its future con- 
trol. 

COMBUSTION-CHAMBER DEPOS- 
ITS began to need serious attention as 
the use of automatic transmissions in- 
creased. These deposits had previously 
been responsible for no more than a 
gradual deterioration of performance 
(in a car with a standard transmis- 
sion). 

However, the loss of engine perform- 
ance seriously interfered with the 
proper control actuation of automatic 
transmission cars. Through the efforts 
of CRC, a symposium was held for a 
complete exposition of the problem. 


trol, combustion chambers designed to 
be deposit-inhibiting, and spark plugs 
which are not deposit-sensitive. 
CONTINUING SURVEY OF OC- 
TANE REQUIREMENT in the field has 
provided a better understanding of the 
variables, and of the effect of design 
change in customer service. The im- 
proved correlation of laboratory and 
road ratings has permitted accelerated 
combustion-chamber development. 
When taken together with the data 
on characteristics and volumes of fuel 
sold, it is possible for the individual 


companies to make almost precise 
choices as to the desired octane require- 
ment of new vehicles. In the past when 
less explicit methods were used, it was 
common practice to allow as much as 
six octane numbers below the prevail- 
ing level as a safety factor during ve- 
hicle engine development. Through the 
use of more precise analysis, it is pos- 
sible to reduce this to two octane num- 
bers or less to achieve the highest tol- 
erable compression ratio. 

These are only a few of the many 
projects, it was explained, but they il- 
lustrate the important benefit to the 
automotive industry of cooperative re- 
search. There is no probability that 
individual research could have provided 
the same benefits of rapid development 
and adaptability required by the major 
changes of the postwar era. Asa single 


Continued on next page 


Gustaf Carvelli Honored by Members of E-25 


From this grew techniques which led to Gustaf Carvelli (left) is : . ais 

presented with a plaque denoting contributions made to the work of Com- 
the development by individual compa- mittee E-25, Engine and Propeller Standard Utility Parts. Chairman F. G. Mikel conferred the 
nies of fuel additives for deposit con- honor at E-25’s 10th anniversary dinner (see p. 98) with Mrs. Carvelli present. 
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CRC Potentials—continued 


example, compression ratios have 
changed as much in the past five years 
as they did in the preceding 20 years. 
It is significant that this was accom- 
plished in an orderly and rational way 
because of the background of coopera- 
tive research. 


Intangibles Most Important 


Cited as even more important than 
the widespread tangible results of co- 
perative research between automotive 
and petroleum engineers were such 
benefits as: 


e Influenced the development of en- 
gine testing laboratories in individ- 
ual companies. 


e Developed research techniques of 
great value for use by individual 
companies. 


e Recognition by engine designers 
that petroleum products are as 
much a part of engine design as is 
steel or any other material. 


e New companies have been able to 
catch up quickly with existing prac- 
tices .. . and old companies have 
benefited from fresh viewpoints 


from the cooperative work. 


e Participation in programs has pro- 
vided valuable on-the-job training 
for the younger generation of engi- 
neers. 


e A common technical language has 
been developed between automotive 
and petroleum industries, making 
for quicker and better understand- 
ing in daily operations. 


There is an ever-expanding field of 
research, the Technical Board was told, 
in which the Coordinating Research 
Council will play a constructive part on 
projects of concern to SAE engineers 
and their companies. 


CRC Tells How to Sample 
And Analyze Exhaust Gas 


‘O AID research on reducing air pollu- 

tion, three techniques for collecting 
automobile exhaust gas samples and 
three techniques for analyzing combus- 
tible organic material in exhaust gas 
have been devised by a Coordinating 
Research Council group. The new 
techniques are presented in CRC Re- 


Aeronautics Committee 


Anticipates Future Needs 


Chairman Mines 


NTICIPATION of future missile and 

aircraft industry needs led Aero- 
nautics Committee Chairman C. E. 
Mines to request a re-evaluation of the 
committee’s present structure in terms 
of possible development of technical 
reports in the following areas: 


Powerplants for guided missiles, 
rockets (either liquid or solid fuel), 
ramjets, and turborockets. Nu- 
clear Energy Powerplants for tur- 
bojets, turboprops, ramjets, and 
rockets. 


Chairman Mines’ request stems from 
the fact that of the 770 men who par- 
ticipate in Aeronautics Committee 
work, approximately 375 are directly or 
indirectly concerned with missiles. 

The committee’s Accessories and 
Equipment Division recently expressed 
a desire to increase the service of the 
committees under its jurisdiction to 
meet existing missile demands. 

Several specific instances of Aero- 
nautics Committee activity in the mis- 


siles area were cited at a January 
meeting. 


e Half of the work of the new Flight 
Control Systems Committee (A-18) 
will be connected with missiles. 


e Scores of Aeronautical Material 
Specifications exist which include mis- 
sile and rocket requirements. 


e Shock and vibration in missiles are 
a primary concern to the Aircraft 
Shock and Vibration Committee 
(S-12). 


e The new Ground Support Equip- 
ment Committee is directly concerned 
with missile handling. 


e An important Aeronautical Recom- 
mended Practice on missile hydraulic 
pumps was recently completed by the 
Aircraft Hydraulic and Pneumatic 
Equipment Committee (A-6). Other 
Accessory and Equipment Divisional 
committees are working on missile 
projects. 


port No. 314, “Grab Sampling and 
Analysis Techniques for Engine Ex- 
haust Gas,” which is the first of a 
series of reports to be developed. 


Collection Techniques 


One collection technique is applicable 
to engines on dynamometer test stands 
or cars on chassis dynamometers. It 
consists of introducing exhaust gas into 
an evacuated bulb under specified con- 
ditions. This and the following tech- 
nique are suitable for the collection and 
later determination of hydrogen, oxy- 
gen, carbon monoxide, carbon dioxide, 
nitrogen, and organic material. 

To collect exhaust gas samples from 
moving vehicles, another technique was 
developed. It requires the insertion of 
a sampling probe several feet into the 
tail pipe of the automobile. The sam- 
ple is then transmitted through a 
heated line into evacuated bulbs. In 
this way, a number of different samples 
may be obtained during one run. 

A third method was devised specifi- 
cally for the study of oxides of nitrogen 
found in exhaust gas samples collected 
from moving vehicles. A sample is ob- 
tained as previously described with the 
exception that reagent solutions are 
present in the sample bulbs during the 
introduction of the exhaust gas. A 
modified phenol disulfonic acid analy- 
sis technique is recommended for use 
with this collection technique. 


Combustible Organic Material 


The three techniques which were de- 
veloped for the determination of com- 
bustible organic material in exhaust 
gas are: a mass spectrometer technique, 
which is rapid, and requires simple cal- 
culations; an infrared technique using 
standard laboratory equipment; and a 
combustant Orsat technique, which is 
less sensitive than the other two, but 
which requires relatively simple equip- 
ment. 

The standard Orsat technique is rec- 
ommended for the determination of 
hydrogen, oxygen, carbon monoxide, 
and carbon dioxide content. 

CRC Report No. 314 contains 96 
pages including figures, graphs, and 
tables. 


To Order CRC Report No. 314... 
on which this article is based, see p. 5. 


Tenth Anniversary 


Celebrated by E-25 


VER 98% of the 341 aircraft-engine 

and propeller parts standards devel- 
oped during the past 10 years by Com- 
mittee E-25, Engine and Propeller 
Standard Utility Parts, have gained 
voluntary acceptance by the military 
services. Engine Division Chairman 
W. G. Lundquist called this “a truly 
remarkable record” in his message, 
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which was read by E-25 Chairman 
F. G. Mikel at the committee’s tenth 
anniversary dinner held at the Wings 
Club in Manhattan on February 4. 

Eight of the 14 charter members 
were among the 38 members, wives, and 
friends who witnessed the presentation 
of a plaque to Gustaf Carvelli in rec- 
ognition of his valuable technical as- 
sistance and warm friendship. 

The charter members present in- 
cluded: J. D. Clark, E-25’s first chair- 
man, G. N. Cole, H. W. Epler, G. M. 
Garcina, R. L. Keene, M. E. Mills, Vir- 
gil Newman, and J. B. Reese. Also 
present were Mr. Carvelli and D. H. 
Second who, although not official char- 
ter members, did attend the commit- 
tee’s first meeting held in February, 
1948 in New York City. 


News Briefs of SAE-ASTM 
Automotive Rubber Group 


HE following news briefs result from 

a December 5-6 Detroit meeting of 
the SAE-ASTM Technical Committee 
on Automotive Rubber. (See Future 
Fuels on page 100. 


VINYL AND VRETHANE FOAM RUB- 
BERS—Reproducible test methods for 
evaluating vinyl and vrethane foam 
rubbers are in the final stages of de- 
velopment as the result of cooperation 
between SAE, ASTM, and the Society 
of the Plastics Industry. 


FLEX CHARACTERISTICS—The nat- 
ural rubber compounds submitted to 
the De Mattia bend test showed longer 
flex life than neoprene compounds 
similarly tested, according to the seven 
laboratories that studied flex charac- 
teristics of four rubber compounds. 
Further cooperative testing is planned. 


ADHESION VALUES—With one ex- 
ception, the adhesives used to cement 
rubber and steel were inversely pro- 
portional to the amount of wax con- 
tained in the rubber compounds, re- 
ported the four laboratories who 
conducted tests on four cements and 
three rubber compounds varying in 
wax content. Further testing is plan- 
ned. 


Unique Residual Stress 
Report Released by SAE 


UNIQUE evaluation of methods for 

the measurement of residual stress 
has been released by SAE as Technical 
Report 147. The document contains 
hitherto unpublished comparisons of 
residual stress distributions obtained 
from the measurements of six stand- 
ard specimens by 20 research lab- 
oratories using five different methods 
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Technical Committee Profiles . . . 


PAUL BENNER, chief engineer, Caterpillar 
Tractor Co., is the new chairman of the Con- 
struction and Industrial Machinery Technical 
Committee. He succeeds P. J. Sperry, Inter- 
national Harvester Co. 


CIMTC Scoreboard for 1957 


Of the 13 CIMTC reports approved by the 
Technical Board in 1957, five were included in 
the 1957 SAE Handbook and five others are 
scheduled for the 1958-1959 edition. Of the Benner 
latter, three are new recommended practices covering: Hydraulic Di- 
rectional Control Valves (3000 psi max); Flywheel Housing Foot 
Plate Spring-Loaded Clutches. The next Handbook will also contain 
a new standard on Front-End Load and/or Shovel Bucket Ratings 
and a revision of the recommended practice on Brake Spider Mount- 
ings. 

Projects for 1958 

Among the projects under consideration by the 13 active CIMTC 
subcommittees are the following: specifications for a fog-type head- 
lamp for use on higher-speed earthmovers, sealed-beam headlamps 
for off-highway construction equipment, industrial engine front-foot 
mountings, and exhaust flanges; nomenclature for drum-cable con- 
trol units and industrial engines; test codes for scraper-loading, ve- 
hicle stopping, parking-brake performance, and brake fade; revision 
of the SAE Hydraulic Power Pump Standard; a new recommended 
practice for scraper and bulldozer cutting edges; and a study of a-c 
and d-c electrical systems as high-output power sources for winter- 
ization component batteries. 


LLOYD E. WEBB, chief metallurgist, Clark 
Equipment Co., has been elected chairman of 
the Iron and Steel Technical Committee for 
1958. Webb succeeds V. E. Hense, who has 
been a member of the committee since 1952. 
Dr. E. S. Rowland continues as vice-chairman. 


Committee Milestones for 1957 

Among ISTC accomplishments for 1957 is 
, the publication of a technical report on ‘The 
Webb Evaluation of Methods for the Measurement 
of Residual Stress.”” The document is the result of a three-year co- 
operative research laboratory program participated in by 16 company 
laboratories. Each laboratory studied six standard specimens using 
five different methods of analysis. Much of the report contains pre- 

viously unpublished data. (See lower left-hand corner of this page.) 
1957 also brought the establishment of the first SAE leaded steel 
(SAE 12L14), a new cast-iron specification for extra-heavy-duty 
brake drums based on 3.4% carbon, and three new cast-iron specifica- 

tions for camshafts. 


On 1958 Docket 

The ISTC is currently working on three new high molybdenum 
steels. In addition, it is reviewing test procedures, and developing a 
new standard on the Physical Requirements for Carbon Steel Solid 
Rivets. 

The possibility of setting up machinability ratings for alloy steels, 
stainless steels, iron, and malleable and steel castings is being inves- 
tigated. If such a project is undertaken, the ratings will parallel 
existing carbon steel machinability ratings. 

A joint ISTC-AISI review of carbon steel hardenability data and 
bands is being conducted. 





of analysis. These comparisons pro- 
vide the means for evaluating the 
methods of analysis and the various 
experimental techniques employed by 
many of the laboratories. 

Dr. E. S. Rowland, chairman of the 
ISTC Residual Stress Division which 
developed the report, believes TR-147 
will be a great help to laboratories 
seeking the best method of macro- 
stress measurement for specific appli- 
cations. 

Dr. Rowland recently revealed that 
the Residual Stress Division is cur- 
rently preparing recommended pro- 
cedures for the measurement of re- 
sidual stress by each of the quantita- 
tive methods. 


To Order TR-147... 


on which this article is based, see p. 5. 


Future Fuels Related 
To Automotive Rubber 


100+ OCTANE aromatic fuels of today 
and the future are being studied by the 
SAE-ASTM Technical Committee on 


Automotive Rubber to determine their 
effect on various automotive rubber 
compounds. 

Because data are lacking on the 
characteristics of a standard 100+ oc- 
tane aromatic gasoline, round-robin 
tests are being run on four commer- 
cially available fuels using two auto- 
motive rubber compounds from Class 
SB and two from Class SC of the SAE- 
ASTM specifications. The rubber com- 
pounds will be tested before and after 
immersion in the fuels for 70 hr at 
room temperature for tensile strength, 
elongation, and modulus at 200%. 
Also, the volume change and durometer 
hardness will be determined after dry- 
ing to constant weight. 

The multiple-fuel test approach was 
decided upon when examination of 
three representative high-octane fuels 
revealed high variations in aromatic, 
olefin, and saturate content. 

Variations are shown below for fuels 
X, Y, and Z. 


x > Z 
28.5 % 12.0% 9.2% 
18.4 29.7 47.6 
53.1 58.3 43.2 


100 100 100 


Olefins 
Aromatics 
Saturated 


Railroad Industry Seeks Answers 


To Diesel Locomotive Problems 


RAILROAD industry request for 

SAE technical assistance on five 
diesel locomotive fuel, lubrication, and 
filtration problems was approved by 
the Technical Board on January 16 in 
Detroit. Thus, for the first time SAE 
technical committee work will con- 
sider problems which are indirectly 
related to diesel locomotive power- 
plants. 


Following a definition of problem 
areas by E..J. Putyrae on behalf of 
Paul Garin, both of Southern Pacific 
Co., the Board asked the Engine Com- 
mittee and the Fuels and Lubricants 
Technical Committee to investigate 
possible SAE solutions. The Board 
also recommended that committee 
membership be expanded appropri- 
ately to include railroad personnel. 


SAE Presidential Advisor on Rail- 
road Activities C. G. A Rosen recently 
said that SAE handling of the follow- 
ing projects is a logical extension of 
the Society’s past experience with die- 
sel locomotive powerplant systems. 


Diesel Fuel and Lubricating Oil Com- 
patibility—Since many railroads are 
using economy-type fuels containing 
cracked distillates and, to a limited 
extent, residual-type fuels in diesel 


100 


locomotives, the problem of selecting 
suitable lubricating oils is_ sizable. 
This problem has been referred to the 
Fuels and Lubricants Technical Com- 
mittee. 


Oil Filtration Test Methods—Test 
methods for oil filtration will be 
studied by both the Engine Committee 
and the Fuels and Lubricants Tech- 
nical Committee. (A test code for 
automotive oil filters is being finalized 
by the Filter Test Methods Subcom- 
mittee of the Engine Committee. This 
subcommittee is slated to handle the 
railroad filter problem.) 


Air Filtration Test Methods—To min- 
imize wear due to airborne abrasives 
on exposed engine parts, the problem 
of developing air compressor oils suit- 
able for operating conditions encount- 
ered on diesel locomotives has been 
referred to the Fuels and Lubricants 
Technical Committee. The Board sug- 
gested that technical assistance might 
be sought from the Coordinating Re- 
search Council. 


Control of Locomotive Exhaust Sparks 
—Fundamentel data on the source of 
incandescent particles emitted during 
diesel-engine combustion is being 
studied by the Engine Committee. 


13 New, 39 Revised 
AMSs Released by SAE 


IRTEEN new Aeronautical Mate- 
rials Specifications and thirty-nine 
revised specifications are now avail- 
able in loose-leaf form. The revised 
documents are indicated by the addi- 
tion of a letter to the specification 
number. 


*AMS 2416B—Nickel-Cadmium Plat- 
ing, Diffused 

* AMS 2422—Gold Plating 

*AMS 2485C—Black Oxide Treatment 
*AMS 2640F—Magnetic Particle In- 
spection 

- AMS 2675B—Nickel Alloy Brazing 
*AMS 3430—Paste, Copper Brazing, 
Water Thinning 

-AMS 3580—Plastic Castings, Methyl 
Methacrylate, General Purpose 

‘AMS 3626C—Plastic Moldings and 
Extrusions, Methyl Methacrylate 
*AMS 3649A—Polytrifiuorochloroethy- 
lene Film, Unplasticized 

*AMS 3735 — Potting Compound, 
Epoxy, Filled, 10-15 CTE, 225 HDT 
-AMS 3738 — Potting Compound, 
Epoxy, Filled, 15-20 CTE, 180 HDT 
*AMS 3739 — Potting Compound, 
Epoxy, Filled, 9-12 CTE, 250 HDT 
“AMS 3740 — Potting Compound, 
Epoxy, Filled, 15-20 CTE, 225 HDT, 
Free Machining 

*AMS 4012—Aluminum Sheet, Lami- 
nated, Edge Bonded 

*AMS 4013—Aluminum Sheet, Lami- 
nated, Surface Bonded 

*AMS 4114B—Aluminum Alloy Bars, 
Rolled, 2.5Mg-0.25Cr (5052-F) 

*AMS 4120E—Aluminum Alloy Bars, 
Rolled, 4.5Cu-1.5Mg-0.6Mn (2024-T4) 
*AMS 4121B—Aluminum Alloy Bars, 
Rolled, 4.5Cu - 0.9Si - 0.8Mn - 0.5Mg 
(2014-T6) 

*AMS 4122C—Aluminum Alloy Bars, 
Rolled, 5.6Zn - 2.5Mg - 1.6Cu - 0.3Cr 
(7075-T6) 

*AMS 4127A—Aluminum Alloy Forg- 
ings, 1Mg-0.6Si-0.3Cu-0.25Cr (6061- 
T6) 

*AMS 4142B—Aluminum Alloy Forg- 
ings, 4Cu-2Ni-1.5Mg-0.7Si (2218-F) 
*AMS 4150C—Aluminum Alloy Extru- 
sions, 1Mg-0.6Si-0.25Cu-0.25Cr (6061- 
T6) 

- AMS 4156B—Aluminum Alloy Extru- 
sions, 0.65Mg-0.4Si (6063-T6) 
“AMS 4616A—Silicon Bronze, 
3.2Si-2.8Zn-1.5Fe 

*AMS 5392E—Alloy Iron Castings, 
Sand, Corrosion Resistant, 2.1Cr-15Ni- 
6.5Cu 

*AMS 5393A—Alloy Iron Castings, 
Sand, Corrosion and Heat Resistant, 
2Cr-20Ni 

*AMS 5548—Steel Sheet and Strip, 


92Cu- 
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Corrosion and Moderate Heat Resist- 
ant, 16.5Cr-4.5Ni-2.9Mo-0.1N, High 
Temperature Anneal 

*AMS 5558—Steel Tubing, Welded, 
Corrosion and Heat Resistant, 18Cr- 
11Ni-(Cb+Ta) (SAE 30347), Thin 
Wall 

“AMS 5559—Steel Tubing, Welded, 
Corrosion and Heat Resistant, 18Cr- 
10Ni-Ti (SAE 30321), Thin Wall 
AMS 5560D—Steel Tubing, Seamless, 
Corrosion Resistant, 19Cr-10Ni (SAE 
30304) 

*AMS 5565D—Steel Tubing, Welded, 
Corrosion Resistant, 19Cr-9Ni (SAE 
30304) 

- AMS 5570G—Steel Tubing, Seamless, 
Corrosion and Heat Resistant, 18Cr- 
11Ni-Ti (SAE 30321) 

* AMS 5571B—Steel Tubing, Seamless, 
Corrosion and Heat Resistant, 18Cr- 
11Ni-(Cb+Ta) (SAE 30347) 

AMS 5573B—Steel Tubing, Seamless, 
Corrosion and Heat Resistant, 17Cr- 
12.5Ni-2.3Mo (SAE 30316) 

“AMS 5575F—Steel Tubing, Welded, 
Corrosion and Heat Resistant, 18Cr- 
11Ni-(Cb+Ta) (SAE 30347) 

-AMS 5576B—Steel Tubing, Welded, 
Corrosion and Heat Resistant, 18Cr- 
10Ni-Ti (SAE 30321) 

-AMS 5644A—Steel, Corrosion Resist- 
ant, 17Cr-7Ni-1Al1 

* AMS 5779—Alloy Welding Electrodes, 
Coated, Corrosion and Heat Resistant, 
Nickel Base, 15Cr-(Cb+Ta)-1.9Ti- 
0.6Al 

*AMS 17245C—lInserts, Thread Form, 
Corrosion Resistant Steel, 18Cr-8Ni 
-AMS 7310D—Piston Rings, Cast Iron 
AMS 7311B—Piston Rings, Centrifu- 
gally Cast Iron, 0.5Mo-0.5Cu 

-AMS 7312B—Piston Rings, Centrifu- 
gally Cast Iron 

- AMS 7452F—Bolts and Screws, Steel, 
Alloy, Heat Treated—Roll Threaded 

- AMS 7454A—Bolts and Screws, Steel, 
Low Alloy Heat Resistant, Normalized 
and Tempered—Roll Theaded 

«AMS 7455A—Bolts and Screws, Steel, 
Low Alloy Heat Resistant, Hardened 
and Tempered—Roll Threaded 

«AMS 7470C—Bolts and Screws, Steel, 
Corrosion Resistant, Heat Treated— 
Roll Threaded 

-AMS 7472F—Bolts and Screws, Steel, 
Corrosion Resistant, Roll Threaded 
*AMS 7473A—Bolts and Screws, Cor- 
rosion and Heat Resistant, Roll 
Threaded 

- AMS 7476B—Bolts and Screws, Steel, 
Corrosion and Heat Resistant, Roll 
Threaded 

* AMS 7478B—Bolts and Screws, Steel, 
Corrosion Resistant, Heat Treated— 
Roll Threaded 

* AMS 7479A—Bolts and Screws, Steel, 
Corrosion and Heat Resistant, Heat 
Treated—Roll Threaded, 1650 F Heat 
Treatment 

*AMS 7498A—Rings, Flash Welded, 
Titanium Alloys 
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Technishorts . . . 


BUMPER HEIGHT TRENDS have lead 
to Technical Board authorization of a 
new SAE committee. Board action was 
prompted by an Automobile Manufac- 
turers Association request to incorpo- 
rate new design criteria in the existing 
SAE Bumper Heights Standard. 


TWO NEW ENGINE COOLANT RE- 
PORTS are being drafted by a sub- 
committee of the Nonmetallic Mate- 
rials Committee. One is a proposed 
standard covering heat transfer (in- 
cluding the effects of specific heat and 
viscosity); corrosion; freezing; stabil- 


Overseas Jet Flights 
Create Special Problems 


Based on talk by 


JOHN G. BORGER 
chief project engineer 
Pan American World Airways 


(As reported by Charles R. Coffey, SAE North- 

ern California Section Field Editor; talk pre- 

sented at a joint meeting of the Northern Cali- 
fornia Section and the South Bay Division) 


HE great distances traveled in inter- 
national operation make it particu- 
larly desirable to utilize the prime com- 
modity of the large jet transport, 
which is its high speed. 

The simplicity of the jet engine, 
with its lower operating and mainten- 
ance costs, were also factors influenc- 
ing its selection over the turboprop 
when Pan American signed contracts 
in 1955 totaling some $260,000,000 with 
Boeing and Douglas for 20 B707 and 
25 DC-8 jet transports. The major op- 
eration criteria established for these 
jet transports was the ability to fly the 
North Atlantic westbound Paris to 
New York at an operating cost compa- 
rable to the DC-6B. 

Though sharing many of the same 
problems of the domestic airlines, the 
international character of Pan Amer- 
ican’s operation has created many spe- 
cial problems peculiar to overseas oper- 
ation. To develop a jet transport 
which will be ideally adapted to this 
type of operation, Pan American engi- 
neering teams have been working with 
the plane manufacturers to consider 
such special problems as: increased 
fuel load, which may be as high as 
48% of the gross weight of the plane 
compared to 30% for domestic trans- 
ports, additional equipment and navi- 
gational aids required for overseas 


ity; foaming; coolant effects on rubber 
tubing and gaskets; residue; and con- 
centration measurement. The other is 
a recommended practice which deals 
with maintenance of engine coolants, 
antifreeze concentration, seasonal 
change, cleaning, antileaks, and after- 
boil. 


CARBON SHEET AND STRIP STEEL 
is the new name of Division 32 of the 
Iron and Steel Technical Committee. 
Recently, the Division’s scope was al- 
tered to include development of reports 
covering surface imperfection nomen- 
clature, tests for the evaluation of sur- 
face quality, and better or more uni- 
form low-carbon sheet and strip steel 
products. 


flight, galleys capable of handling 320 
tourists’ meals, and the increased in- 
terior flexibility required for dual class 
accommodations. 

The self-sufficiency of the airplane 
is particularly important in this type 
of operation and has created addi- 
tional problems. This need, and the 
high cost of stocking the 15,000-lb 
thrust Pratt and Whitney J75 engines 
at overseas bases has led to serious 
consideration of the possibility of 
carrying a spare engine on the plane, 
possibly in a pod. 


Small Car 
Here to Stay 


Based on paper by 


JAMES W. WATSON 


American Motors Corp 


HE need for smaller and less expen- 

sive cars is being created by the 
changing pattern in car use, reflected 
in a lower average annual mileage per 
vehicle, a need for more cars per fam- 
ily, and fewer passengers per ride. 

Automotive engineers now have an 
opportunity to create vehicles to satisfy 
the new personal needs of motorists. 
If, for example, the average gasoline 
mileage were increased only 5 mpg, 
American motorists would save almost 
2.75 billions of dollars every 12 months. 
Compact, economical cars could well 
amount to 50% of the total production 
sometime in the 1960’s and that could 
bring savings in purchase price and op- 
eration to eight or nine billion per year 
without discomfort or inconvenience to 
the driver. 


To Order Paper No. 20C.. 
on which this article is based, see p. 5. 
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About SAE Members 


Daisley 


Sanders 


EDWARD S. MARKS has retired as 
quality manager of Pratt & Whitney 
Aircraft Division of United Aircraft 
Corp. after eighteen years of service. 
Beginning on Sept. 1, 1958, he plans to 
do consulting work in quality control 
management. Formerly he was chief 
engineer of the Franklin Automobile 
Co., and was one of the co-founders of 
the Aircooled Motors Corp., Syracuse, 
N. Y. 

Marks has been a member of SAE 
since 1922. In addition to several com- 
mittee assignments, his activities in- 
cluded chairmanships of the Syracuse 
and Southern New England Sections. 
He was also 1931 Vice-President repre- 
senting Passenger Car Activity. 


ROBERT H. DAISLEY, vice-presi- 
dent-administrative, Eaton Mfg. Co., 
has been elected to the newly created 
position of vice-president-planning of 
the company. 

Daisley joined, in 1922, the Wilcox 
Parts & Mfg. Co., a predecessor of 
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Eaton’s Saginaw Division. Subse- 
quently he was made general manager 
of the Saginaw Division, and also of 
Wilcox Rich Division, and president 
of Eaton’s Canadian subsidiary. He 
became a director of Eaton in 1941, 
was elected vice-president of the com- 
pany in 1947, and assumed his post as 
vice-president-administrative in 1954, 
with supervision over all divisions out- 
side of those in Michigan. 


MEADE MOORE has retired as auto- 
motive engineering and research vice- 
president of American Motors Corp. 

He joined Nash Motors in 1917; in 
1952 he was elected vice-president of 
automotive research, and a year later 
was placed in charge of both research 
and engineering. He assumed the same 
vice-presidential title with American 
Motors following the merger of Nash- 
Kelvinator and Hudson in 1954. Three 
achievements identified with his name 
include pressurized fresh air heating 
and ventilation, single unit body con- 
struction, anc the compact car. 


HAROLD L. SANDERS, formerly a 
buyer at the Ford Aircraft Engine Di- 
vision, Ford Motor Co., Chicago, is now 
manager of purchases, Pesco Products 
Division, Borg-Warner Corp., Bedford, 
Ohio. 


JAMES J. NANCE has been ap- 
pointed vice-president and _ general 
manager of the newly formed M-E-L 
Division of the Ford Motor Co. He 
will have complete charge of four of 
the company’s U.S.-made car lines and 
of the marketing of the English Ford 
line. Nance has been vice-president 
and general manager of the former 
Lincoln and Mercury Division. 

RICHARD E. KRAFVE, vice-presi- 
dent and general manager of the for- 
mer Edsel Division, will be assigned to 
the staff of the group vice-president, 
car and truck divisions, and will assist 
Nance in integrating the Edsel organi- 
zation with the M-E-L Division. 

BEN D. MILLS, vice-president and 
assistant general manager of the for- 
mer Lincoln and Mercury Division, 
will serve as vice-president and assis- 
tant general manager of the M-E-L 
Division. 

D. J. BRACKEN has been named 
general manufacturing manager of the 


M-E-L Division, Ford Motor Co., with 
personnel and functions of the former 
Edsel manufacturing office assigned to 
him. Prior to his new post, Bracken 
was general manufacturing manager, 
Mercury Division. 

J. EMMET JUDGE, formerly man- 
ager, merchandizing and product plan- 
ning office, Edsel Division, assumes a 
similar position in the new M-E-L Di- 
vision and becomes product planning 
manager of the four American-made 
cars. 

H. C. MacDONALD has been made 
chief engineer for the car lines of the 
M-E-L division. Formerly he was chief 
engineer for the Mercury Division. 


ARTHUR W. BULL has been elected 
president of the Michigan Wire Cloth 
Co., Detroit. Formerly executive vice- 
president of the company, he succeeds 
his father, ARTHUR A. BULL, who has 
been named chairman of the firm’s 
board of directors. 


PAUL C. ACKERMAN, vice-president 
and director of engineering, Chrysler 
Corp., has been elected chairman of 
the Engineering Advisory Committee 
of the Automobile Manufacturers As- 
sociation. Ackerman was 1956 SAE 
Vice-President representing Passenger 
Car Activity. He succeeds CHARLES 
A. CHAYNE, vice-president of engi- 
neering, General Motors Corp., who 
has been chairman of the industry 
committee since 1951. Chayne was 
SAE Councilor for 1953 and 1954. 
RALPH H. ISBRANDT, director, auto- 
motive engineering, American Motors 
Corp., has been appointed to the same 
committee. 


C. G. A. ROSEN, president of SAE 
in 1955, is currently serving as a mem- 
ber of the U.S. Army’s Science Advi- 
sory Committee; a consultant to the 
Office of the Department of Defense; 
and as a member of the Department’s 
Industrial Advisory Committee (Ord- 
nance). Rosen retired as consulting 
engineer, Caterpillar Tractor Co. in 
August, 1957. 


EDWIN A. SPEAKMAN, former vice- 
president and general manager of the 
Guided Missile Division, Fairchild 
Engine and Airplane Corp., has been 
named to the newly-created post of 
manager of planning for defense elec- 
tronic products, Radio Corp. of Amer- 
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ica. He will be responsible for analy- 
zing military requirements, planning 
new programs and products, and co- 
ordinating short and long-range plan- 
ning. 


SHIRRELL C. RICHEY, a Chevrolet 
staff engineer, has been named assis- 
tant for the Buick Motor Division of 
General Motors Corp., Flint, Mich. 


JOHN O. LUTZ, formerly chief engi- 
neer for the Wilkening Mfg. Co., in 
Philadelphia, has been appointed to 
the newly created post of general 
sales manager for the company. He 
will supervise the sales activities of the 
Automotive Replacement, Industrial, 
Original-Equipment, and Export Di- 
visions. 


ROBERT W. HEID, JR., has been 
made assistant chief engineer in charge 
of replacement engineering activities, 
Perfect Circle Corp. He joined the 
corporation in 1947 as a project engi- 
neer, and after two years of duty with 
the Air Force during the Korean War, 
he returned in 1953 to become super- 
visor of engine testing. In 1954 he 
transferred to manufacturers’ engi- 
neering. 


J. FRANK FORSTER has become 
president of Vickers, Inc., and has been 
elected to the board of directors of the 
corporation. Forster joined Vickers 
in 1941 as treasurer, was made vice- 
president and assistant manager in 
1949, and early last year named exec- 
utive vice-president. 


JAMES R. BRIGHT, associate pro- 
fessor of Business Administration, 
Harvard Business School, is the author 
of “Automation and Management,” 
just published by Harvard’s Graduate 
School of Business Administration. 
In this monumental study of the im- 
plications to management of automa- 
tion, Bright concludes, among other 
things, that: 

“The troubles associated with auto- 
mation are, in many instances, not 
due so much to automaticity per se as 
to novelty or uniqueness in a mechani- 
zation program; not so much to the ul- 
timate level of automaticity achieved 
as to the degree of advance over the 
former system. The executive who 
fails to appreciate these distinctions 
may mislead himself in appraising the 
impact of automatic machinery on 
his operations.” 


MELVIN ESTEY, formerly assistant 
chief engineer, Engineering Division, 
Perfect Circle Corp., Hagerstown, Ind., 
has been named executive engineer. 
Estey joined the corporation in 1944 
as a project engineer and became as- 
sistant chief engineer in 1955. 


JAMES G. HANNA has been ap- 
pointed district manager of the Vic- 
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kers Mobile sales office, Vickers Inc., 
for the Chicago area. Hanna joined 
the corporation in 1951 as sales coor- 
dinator in the Chicago area office, and 
for the past five years has held the 
position of sales application engineer 
in that office. 


O. W. McMULLAN has been ap- 
pointed director of research and devel- 
opment for Bower Roller Bearing Di- 
vision, Federal-Mogul-Bower Bearings, 
Inc. He has been chief engineer for 
Bower since he joined the company in 
1944. Assisting McMullan will be 
WILLIAM F. EATON, former assistant 
chief engineer, who is now associate 
director of research and development. 


Ackerman 


Rosseau Williams 


KENNETH R, HERMAN is executive 
vice-president of the Sperry Rand 
Corp., a newly created office. He will 
direct the activities of the Remington 
Rand group of subsidiaries in the cor- 
poration. Herman joined Vickers in 
1931, and since 1955 has been a direc- 
tor of the Sperry Rand Corp. in addi- 
tion to president of Vickers, Inc. 


LEON B. ROSSEAU has been elected 
president and treasurer of the Ajax 
Electric Co., Philadelphia. He has 
been associated with the company for 
17 years and recently has served as 
vice-president and general manager. 


RICHARD C. WILLIAMS has retired 
as national automotive sales manager 
of the fabrics and finishes department 
of E. I. duPont de Nemours and Co., 
after 40 years with the company. Wil- 
liams joined du Pont in 1917 as a chem- 
ist in the company’s experimental sta- 
tion, and assumed his most recent 
position in 1949. 


F. EUGENE NEWBOLD is now gen- 
eral manager of the Engine Division, 
Fairchild Engine and Airplane Corp. 
Previously he was vice-president and 
general manager of the Stratos Divi- 
sion. Newbold joined Fairchild in 1940 
as a test engineer and became a corpo- 
ration vice-president in 1952. 


. 
Bright 


Blood 


Newbold 


HOWARD E. BLOOD, JR., has been 
made director of industrial relations 
and public relations, a newly created 
post with the Long Mfg. Division, Borg- 
Warner Corp. For the past 11 years 
Blood has been associated with Long 
Mfg. and other divisions of the corpora- 
tion; most recently he has been admin- 
istrative assistant to the president of 
Long. 


GEORGE F. CHAPLINE, vice-presi- 
dent and general manager of the En- 
gine Division, Fairchild Engine and 
Airplane Corp., has been named vice- 
president of the corporation and direc- 
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tor of military requirements. He 
joined the Engine Division as general 
manager in 1946, following his retire- 
ment from the Navy. 


FRANZ P. ZIMMERLI, director of 
research for Associated Spring Corp., 
has retired after more than 30 years 
with the corporation. Zimmerli joined 
the Barnes-Gibson-Raymond Division 
of Associated Spring Corp. as chief 
engineer in 1926 and was appointed 
director of research for the corpora- 
tion in January, 1955. 

Zimmerli received the Albert Sau- 
veur Award from the American So- 
ciety for Metals in 1947, for his work in 
demonstrating that favorable stresses 
could be imparted to the surface layers 
of metal parts by shot-peening. In 
1951 he was selected by the ASM to 
deliver the William P. Woodside Lec- 
ture. 


DR. PAUL H. SCHWEITZER, pro- 
fessor of engineering research at The 
Pennsylvania State University, has re- 
tired with emeritus rank. He has been 
in charge of diesel engine research at 
the University since 1923. 

Schweitzer is the holder of numerous 
patents relating to diesel engine im- 
provements, and is the author of many 
technical papers, bulletins, and articles 
published in journals in the U.S., Eng- 
land, and Germany. 

A native of Hungary, the doctor came 
to the United States in 1920 and be- 
came an assistant professor at the 
university in 1923. In 1953-54, he was 
a Fulbright lecturer in Austria. 

Schweitzer continues his activity as 
senior partner of Schweitzer & Huss- 
man Engineering Office, serving as a 
consultant to a number of leading die- 
sel engine builders and to the Ord- 
nance Tank Automotive Command of 
the Army. 


WILLIAM J. BELL, formerly city 
manager in Cleveland, Ohio, for the 
Dodge Regional Office of Chrysler 
Corp,. is now city manager for the De- 
Soto Regional Office of the corporation 
in metropolitan San Francisco. 


J. GERROLD STRAUSS, formerly 
design engineer, Willamette Iron & 
Steel Co., Portland, Ore., is now a fab- 
rication engineer with the General 
Electric Co. in Cincinnati. 


HAROLD E. SMITH, formerly proj- 
ect engineer, Wright Aero Division, 
Curtiss-Wright Corp., Woodridge, N.J., 
is now senior engineer with Sverdrup 
& Parcel, Inc., St. Louis, Mo., where he 
is engaged in engineering design and 
consulting, and project engineering. 


JAMES D. REDDING, general man- 
ager, sales and service department, 
Aviation Gas Turbine Division, Wes- 
tinghouse Electric Corp, Kansas City, 
Mo., has moved his office from Kan- 
sas City to 1625 “K” Street, N. W., 
Washington, D. C. 
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New Appointments at 
Bendix-Westinghouse 


Paine Thomas 


WILLARD B. PAINE has been 
named president and chief executive 
officer of the Bendix-Westinghouse 
Automotive Air Brake Co. He joined 
Bendix Aviation in 1931 as laboratory 
engineer and was named executive 
vice-president of Bendix-Westinghouse 
last May. 


D. O. THOMAS has been elected 
chairman of the board of directors of 
the Bendix-Westinghouse Automotive 
Air Brake Co. He joined the corpora- 
tion in 1938 as vice-president in charge 
of manufacturing, and in the same year 
was named a director of Bendix Avia- 
tion and of Bendix-Westinghouse. 
Thomas has been president of Bendix- 
Westinghouse since 1942. 


DONALD H. NELSON has become 
administrative manager, manufactur- 
ing services, for Highland Park Oper- 
ations, Chrysler Corp. In his new po- 
sition he will advise on the technical 
and operational activities for plant en- 
gineering, industrial engineering, and 
the master mechanic departments. 
Nelson has been associated with Chrys- 
ler Corp. since August, 1944, and in 
January, 1957, was made general mas- 
ter mechanic for the Highland Park 
Plant. 


LAWRENCE J. GRUNDER has been 
promoted by Richfield Oil Corp. to be 
assistant to the manager, Research 
and Development. In his new post, 
Grunder’s assignments will cover a 
wide range of activities, but he will be 
mainly concerned with the field of 
fuels—both ordinary and extraordin- 
ary. He was formerly manager, Fuels 
and Lubricants Division. 


RALPH F. PEO, chairman of the 
board and president of Houdaille In- 
dustries, has been elected to the board 
of directors of the Marine Trust Co. 


ALVIN J. HERZIG, president of Cli- 
max Molybdenum Co. of Michigan and 
vice-president—tresearch, of Climax 
Molybdenum Co., presented the sixth 
annual Gillett Memorial Lecture, “A 
Perspective of Molybdenum-Base Al- 
loys,” at the 60th annual meeting of 
the American Society for Testing Ma- 
terials. 


PETER N. PENTESCU is now me- 
chanical design engineer, launching 
and handling design department, mis- 
sile operations, Chrysler Corp., where 
he tests, develops, and designs ground 
support equipment for missiles. Pre- 
viously he was a lst Lt. and Proof Offi- 
cer with the U. S. Army, Automotive 
Division—Development and Proof Ser- 
vices, Aberdeen Proving Ground, Md. 
Prior to Army service, Pentescu was 
product design engineer, Special Prod- 
ucts Division, American Motors Corp. 


Le ROY W. RANDT, formerly chief 
engineer, South Bend Plant #2, the 
Oliver Corp. is now director of product 
programming for the corporation in 
Chicago. 


JACK E. MAXWELL, formerly man- 
ager, chassis cost estimating, Ford Di- 
vision, Ford Motor Co., is now a man- 
agement consultant with Booz, Allen, 
& Hamilton in Detroit. 


RICHARD W. LACE, formerly gen- 
eral sales manager, Bay Mfg. Division, 
Life Time Products Corp. of Youngs- 
town, Ohio, is now general sales man- 
ager for the Watervliet Tool Co. in 
Albany, N.Y. 


LYLE M. BLACKWELL, formerly 
technical assistant to the manager of 
advanced styling, Chrysler Corp., High- 
land Park, Mich., is now assistant man- 
ager for Gauley Motors Inc., Gauley 
Bridge, W. Va. 


BERGER VELANDER, formerly 
project engineer, Allison Division of 
General Motors Corp., is now a com- 
pressor rotor engineer for the General 
Electric Co., jet engine department. 


WILLIAM K. TOBOLDT, formerly 
editor of “Motor Service Magazine” in 
Chicago, is now an editorial consultant 
for the magazine, and is living in Ft. 
Myers, Fla. 


JOHN F. HART, formerly aircraft 
maintenance chief, H & MS-12, Ma- 
rine Air Group-12, lst Marine Air 
Wing, San Francisco, is now aircraft 
maintenance chief for the U.S. Marine 
Corps, Marine Air Group-31, Marine 
Corps Air Station, Miami, Fla. 


PAUL DISSER is now Refrigeration 
Division sales manager for Bohn Alu- 
minum & Brass Corp., Detroit. He 
joined the corporation in 1949 as a 
salesman and in 1954 became district 
sales manager in Indianapolis. 


C. I. WITWER, formerly manufac- 
turers’ representative for the Me- 
chanex Corp., Denver, Colo., is now 
district sales engineer. Along with 
other field engineers, he will be avail- 
able on a consultation basis to help 
trucking firms solve wheel bearing 
maintenance problems. Witwer joined 
Mechanex in 1956 as a sales repre- 
sentative. 
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CARL H. BOAS is now associated 
with Reading Aviation Service, Inc., 
Reading, Pa., as director of engineer- 
ing. Formerly he was with Schick, Inc. 
at Lancaster, Pa., as project engineer, 
in charge of research and development. 
His new position includes the respon- 
sibility of training coordinator of all 
in-plant educational programs. 


HENRY K. BIEHL, formerly gen- 
eral service manager, Good Chevrolet- 
Cadillac Inc., Altoona, Pa., is now ser- 
vice manager for Powers Cadillac, 
Inc., Pittsburgh, Pa. 


LEWIS W. KERR, formerly in- 
structor in charge of automotive de- 
partment, Franklin Technical Insti- 
tute, Boston, Mass., is now zone service 
manager for United Motors System, 
division of General Motors Corp., in 
Woburn, Mass. 


WALTER W. BARBER, formerly de- 
sign engineer, McDonnell Aircraft Co., 
St. Louis, Mo., is now design engineer, 
fuel and air group, division of General 
Dynamics Corp., in Fort Worth, Tex. 
His work includes layout and design of 
aircraft fuel systems and components. 


JOHN L. COURSEY has been ap- 
pointed to the central district office 
of Solar Aircraft Co. in Dayton, Ohio. 
Prior to joining Solar he was a tool 
liaison representative for Ford Air- 
craft Engine Division, Ford Motor Co. 


CLYDE WILLIAMS, formerly presi- 
dent of Battelle Institute, has an- 
nounced the formation of a new com- 
pany to assist boards of directors and 
top management of industrial corpora- 
tions with broad technical and business 
problems. He will be president of the 
new firm, Clyde Williams and Co., 
which will have its central operations 
in Columbus, Ohio. 


IRWIN A. BINDER, formerly assis- 
tant general manager of the Tapco 
Plant of Thompson Products, Inc., 
Cleveland, is now vice-president for 
manufacturing of the Ramo-Woold- 
ridge Corp. 


DAVID T. SICKLESTEEL has been 
appointed to the newly created posi- 
tion of manager of the Detroit office 
of Warner Automotive Division, Borg- 
Warner Corp. He originally started in 
1924 as a transmission designer for 
the Detroit Gear Co., which became a 
Borg-Warner division in 1929. Prior 
to his new appointment, he was man- 
ager of industrial sales and engineer- 
ing for the Long Mfg. Division of the 
corporation. 


OTMAR E. TEICHMANN has been 
appointed associate director for engi- 
neering at Borg-Warner Corp.’s cen- 
ter in Des Plaines, Ill. Formerly he 
was manager of products research in 
the engineering department of the 
center. 


Obituaries 


RUSSELL STUART BEGG . 
(M’09) .. . retired in 1953 as chief en- 
gineer, General Motors Holden’s Ltd., 
Melbourne, Australia ... served as 
chief engineer of Jordan Motor Car 
Co. in Cleveland from 1916-1923 ... 
died December 23 .. . born 1887... 


MERRILL C. HORINE ... (M’17) 
. consulting engineer, Mack Mfg. 
Corp. . . . joined Mack in 1918... 
SAE Councilor, 1955-56 . . . SAE Vice- 
President representing Truck and Bus 
Activity, 1933 . . . past-chairman of 
Metropolitan Section ... chairman 
and member of many other SAE ac- 
tivity and technical committees .. 
author of many technical papers . 
died January 23 ... born 1893 . 


LOUIS LIGGETT HUNT... (M’54) 
... Chief engineer, McCord Corp., De- 
troit . . . joined the company in 1946 
...died December 18...born 1911... 


NORMAN M. JONES ... (A’43) ... 
consulting engineer, Arcole Midwest 
Corp. . . . served also, for 19 years, as 
chief field engineer, Macmillan Petro- 
leum Corp. ... died January 8... 
born 1896... 
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LEWIS P. KALB... (M’15) 
retired in 1955 as executive vice-presi- 
dent and director, Continental Motors 
Corp. .. . holder of several patents per- 
taining to auto engines ... died De- 
cember 28 ... born 1888... 


J. TWICHELL LANSING... (M’18) 

. retired in 1956 as sales engineer, 
fuel injection, Scintilla Division, Ben- 
dix Aviation Corp... . joined Scintilla 
Magneto Co. Inc. in 1931 .. . died De- 
cember 6... born 1890... 


HAROLD S. PIERCE ... (M’l4) 

. . consulting engineer, Link Belt Co. 
. . . joined the company in 1904... 
died December 12 in Clearwater, Fla. 
... born 1882... 


WILBER L. WEBB... (M’54)... 
general manager, missile section, Ben- 
dix Aviation Corp. .. . joined Bendix 
in 1936; mamed general manager in 
1952 of Bendix operation, Mishawaka, 
Ind., to build Talos missile for the 
Navy . . . died December 23 .. . born 
1906... 


SAE Members Say: 


Last year more than 52,000,- 
000 lb of plastics were used in 
General Motors cars... an in- 
crease of 40% for the 1957 car 
over the 1955 car.—Charles A. 
Chayne. 

Russia—in launching the first 
earth satellite—unwittingly has 
done us a favor .. . by jarring 
us out of our educational 
lethargy.—A. A. Kucher 


WALTER E. MacDONALD, formerly 
products engineer for Socony Mobil 
Oil Co., has joined the Ohio Oil Co. in 
Findlay, Ohio, as sales engineer in the 
technical services department. 


O. ERNEST ERWIN, chief inspector 
for California Division factories A-1 
and B-6 at Burbank, has moved to 
Marietta as Georgia Division quality 
control director. 


ALFRED M. Di BARTOLO, formerly 
design engineer, Vertol Aircraft Corp., 
Morton, Pa., is now component design 
engineer for the General Electric Co., 
Missile and Ordnance Systems Divi- 
sion in Philadelphia. He is respon- 
sible for specifications, design, and pro- 
duction of components which make up 
a pneumatic system. 


ROGER A. SIEWERT has become a 
field engineer with Caterpillar Over- 
seas CA, a subsidiary of Caterpillar 
Tractor Co., in Worms/Rhein, Ger- 
many. 


EARL E. BISCHOF, formerly serv- 
ice manager with the Baltimore Branch 
of Mack Trucks, Inc., is now associated 
with the Mack branch at 328 Shore 
Ave., Pittsburgh, Pa. 


FRANK EDWARDS has been made 
manager of general engineering, Philco 
Appliance Division, Philco Corp. In 
this position he will be responsible for 
the activities of advanced engineering 
groups, field engineering experimental 
shops, drafting and design section, 
engineering services, and staff special- 
ists. Edwards joined Philco four 
years ago as executive engineer, pro- 
duct development. 


JULE F. MARSHALL has retired as 
vice-president and general sales man- 
ager of the American Felt Co. He 
has been with the company for the 
past 41 years; has been a member of 
the board of directors since 1937 and 
a vice-president since 1940. Marshall 
is retiring from active service with the 
company but will continue as a direc- 
tor and will serve in an advisory ca- 
pacity. 
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PIRAL. TV =... 

for the 
PITTSBURGH SECTION’S 
TV series was January 24 
... With R.J.S. Pigott speak- 
ing on “Future Engines” and 
Murray Fahnestock acting 
as host at the conclusion of 
the series. Above is shown 
Pigott (left) and Fahnestock 
(right) saying “Good-by” to 
the viewers from the podium 
used in their programs. The 
April issue will contain a 
story on the development 
and production of the series. 


" ” “Free Pis- 
XP 500, ton,” and 
“Power Turbine” became 
familiar terms to the SAE 
members and guests at 
the NEW ENGLAND SEC- 
TION on Diesel Meeting 
Night, February 4. Begin- 
ning with the conception of 
the free piston engine in 
France by Raoul Pescara, 
W. H. Percival, assistant 
head mechanical develop- 
ment department, GMC, 
outlined the historical de- 
velopment of the free piston 
engine. 

Supplementing his talk 
with slides, Percival then 
discussed the development, 
present status, and advan- 
tages of GMC’s free piston 
engine ... such as achieve- 
ments of brake thermal ef- 
fiencies as high as 38% and 
weight power ratios in the 
order of 3/1; and additional 
features such as vibration- 
less operation, and whale 
and peanut oil burning fa- 
cilities. 

A ten minute colored 
movie made by GM engi- 
neers during the construc- 
tion of the XP 500, the 
world’s first free piston 
powered car, was shown. 


Rambling .. . 
THROUGH THE 


POL ARIS MISSILE weapons systems selection, and manned aircraft 

’ were discussed at the PHILADELPHIA SECTION 
meeting, January 8, by guest speaker Rear-Admiral John T. Hayward, assistant 
chief of Naval Operations, Research and Development. His paper, “Manned 
Aircraft vs Guided Missiles,” was presented before SAE members, in the Phila- 
delphia Section of SAE, the Institute of Aeronautical Sciences, and the Ameri- 
can Helicopter Society. 

In evaluating the requirements of the Navy in the fields of missiles and air- 

craft, Admiral Hayward pointed out that: 

e The tremendous scope of the requirements does not permit the selection of a 
single-weapons system to meet the Navy’s needs. 

e The concept of complete elimination of manned aircraft, by replacement 
with missiles, is not the Navy’s plan for the immediate future. 

e Joint Army-Navy participation in the development of weapons systems 
should be confined to early stages, due to the differing requirements of the 
two services. In one IRBM project, for example, joint developments con- 
tinued until technical decisions were possible to point out the direction that 
each service should pursue. The result of this project was a change in con- 
figuration and system for the Navy requirements. The hardware result of 
the program was the Navy Polaris missile. The unique capabilities of this 
missile and the problems of handling it on shipboard were the final deciding 
factors on design requirements. 


” " a live safety demonstration of fuels and 

FIRE POWER SHOW, their characteristics by Ethyl Corp., was 
included in the program of the January 29 meeting of the CINCINNATI SEC- 
TION. 1958 SAE President William K. Creson was special guest, and Bruce 
Crane, Ethyl Corp., was the main speaker of the evening. 

Creson discussed how SAE has kept alert to changing times, and gave a brief 
picture of Planning for Progress Committee plans for even greater flexibility, 
more continuity, and greater member participation. Crane, field engineer, 
Ethyl Corp., discussed fuels and fuel testing for present day as well as future 
cars in his paper entitled, “Fuels Today and Fuels of Tomorrow.” 

Gathered in the photo below are, left to right, Harry A. Truscott, Section 
vice-chairman; Fred Heinlein, first chairman of the Cincinnati Section; William 
A. Kimsey, past-chairman of the Section; Richard L. Hunt, General Electric 
Co.; 1958 SAE President W. K. Creson; Fred W. Biederman, Section past- 
chairman; and Section Chairman Walter Walkenhorst, Jr. 
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“THE TWO-CYCLE ENGINE 25 Used on Chain Saws and Other 


Portable Equipment” was the topic 
of the January 17 meeting of the NORTHWEST SECTION. Spaeker of the eve- 
ning was W. B. Burkett, manager, production engineering department, McCul- 
loch Motors Corp., who described McCulloch’s progress with small two-cycle 
engines. Over the years horsepower-to-displacement has increased from 0.56 
hp per cu in. to 1.33 hp per cuin.... 
meanwhile weights have been cut to 
1.55 lb per hp. A technical digest of 
this presentation will appear in a fu- 
ture issue of the SAE Journal. 

Also featured, on display, at the 
meeting was a working cross-section 
of a Scott-Atwater 22 hp outboard 
motor. 

Shown right, left to right, are W. B. 
Burkett, speaker from McCulloch Mo- 
tors, holding a new high speed McCul- 
loch chain saw and showing Richard 
F. Burris, Section meetings chairman, 
and Section Chairman John Conti, a 
cutaway of a 40 hp Scott-Atwater 
outboard engine. 


THIN FILM LUBRICATION and heat generation were critical to 


Scott-Atwater’s outboard motor devel- 
opment, Lowell E. Haas, S-A’s chief engineer, told the SOUTHERN CALIFOR- 
NIA SECTION January 13. 

Haas stated that a detailed analysis, made by the company, of the physics in- 
volved in development of a 2-stroke-cycle engine, revealed that the heat gener- 
ated is from the work done in the bearing. This is the bearing load times the 
coefficient of friction and the rubbing velocity. Factors reducing the coefficient 
of friction or rubbing velocities helped reduce the heat generated to a rate at 
which the fuel lubricant mixture could carry it away. By spacing the rollers 
apart with a cage, double velocity between rollers and substitute roller velocity 
to cage bar was removed. It would also remove the wiping action which kept 
lubricant away from the crankpin and rollers. Cage flanges would reduce the 

rubbing velocities between rod and 
crank, and reduce heat generated rate. 
With the cage parker-lubrized or silver 
plated, more reduction in the coefficient 
of friction is accomplished. 

“A quick look at the evolution of the 
connecting-rod bearings shows that 
each change to reduce friction or rub- 
bing velocity lengthened the life of the 
bearings. What was true for the rods 
also proved true for the mains,” 
Speaker Haas told the Southern Cali- 
fornia Section. 

Left, with Haas (right), are Sec- 
tion Chairman J. C. Buckwalter (left), 
and J. A. Cipolla, chairman of the 
meeting. 
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CROSS-COUNTRY 


representation was discov- 
ered during a roll-call at the 
January 9 meeting of the 
BALTIMORE SECTION. 
Members of the Section 
found that they were host 
to the engineers from Mich- 
igan, Ohio, New York, Vir- 
ginia, Nevada, Florida, and 
Cologne, Germany. 

The meeting featured 
guest speaker John G. Lock- 
lin, engineer in charge of 
structures and dynamics, 
GMC Truck and Coach Di- 
vision. Locklin presented a 
paper on “Air Spring De- 
velopment,” also showed 
slides on air suspension 
units and their application, 
and supplied a display of 
units used in GM cars, trucks 
and coaches. Shown above 
are Speaker Locklin, left, 
and Technical Chairman 
Fred Robbins. 


CHEMICAL FUELS **° 

be- 
ing sought as a new source 
of propulsive energy ... 
Hugh Harvey of Shell Oil 
Co. told members of the 
NORTHERN CALIFORNIA 
SECTION, on January 23, in 
his paper “High Energy 
Fuels” ... authorization by 
the Air Force for the design 
of the boron. derivative 
fueled WS-110 bomber, Har- 
vey said, marks the first 
time in aviation history that 
petroleum is no longer nec- 
essary for flight. 

Harvey’s paper, which ap- 
peared in the August, 1957, 
issue of the Journal, dis- 
cussed the effort being made 
to extend the speed and 
range of military aircraft, 
particularly in terms of 
problems of limited per- 
formance because of limited 
fuel-carrying facilities. 
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Loeffler 


POSSIBILITIES 32° 
ac- 
complishments of  turbo- 
charged automotive diesels 
were discussed by Bruno 
Loeffler, executive engineer of 
Mack Trucks, Inc., and the 
late Merrill C. Horine, con- 
sulting engineer, Mack 
Trucks, Inc., in their paper 
presented by Loeffler at the 
SOUTHERN CALIFORNIA 
SECTION December 9 meet- 
ing. Loeffler stated, in con- 
clusion of his presentation ... 
“Turbocharging of diesel 
engines is still in its infancy. 
Its further progress is beset 
with many problems; but as 
study and experience accu- 
mulate, their solution seems 
certain. The principal ob- 
jective is higher brake mean 
effective pressure, not at one 
point on the speed range, 
but throughout the operat- 
ing zone of speds and with 
ever lower specific fuel con- 
sumption. 

“To accomplish these re- 
sults it will be necessary to 
have ever closer coordina- 
tion between engine and 
turbocharger design. The 
turbocharger must not be re- 
garded as an accessory, but 
rather an integral compo- 
nent of the engine design. 
We will never get far on the 
basis of conversion of nor- 
mally charged engines to 
turbocharging. Pinwheels, 
whether operating centri- 
petally, as in turbines, or 
centrifugally as in blowers, 
are essentially efficient only 
under fixed conditions; 
whereas the requirement of 
automotive engines is that 
they must be __ efficient 
throughout a broad range.” 


Rambling .. . 


THROUGH THE 


TRILOGY 


of speakers, a film on Naval Transportation Preventive Mainten- 
ance, and slides and recollections of the NEW ENGLAND SEC- 


TION’S cruise at sea on the aircraft carrier U.S.S. Wasp, were all contributors 
to the Section’s January 7 Transportation and Maintenance meeting. 

Coffee Speaker O. E. Johnson showed colored slides and recalled the Section’s 
last summer experience of a trip on the operating man-of-war, U.S.S. Wasp. 
Main speakers of the evening included Commander N. L. Martinson, USN, as- 
sistant public works officer for Maintenance and Operations in the Potomac 
River Naval Command, who spoke on the History of Preventive Maintenance in 


Navy Transportation . . 


. Ivison W. Rhodes Jr., manager of Transportation and 


Maintenance Branch, USN Bureau of Yards and Docks who introduced this 
premier public showing of the film, talked on planning for preventive mainten- 
ance and the ensuing shop procedure for carrying out the plan. Jim E. Doran 
was the third speaker, explaining how to plan for preventive maintenance and 
the development of preventive maintenance procedures. 


INAUGURAL MEETING [°° 

the 
1958 season of the COLORADO 
GROUP was staged successfully Jan- 
uary 28, in cooperation with the Horse- 
less Carriage Club of America. George 
Gromer, (above) Colorado Group Pas- 
senger Car Activity chairman, opened 
the meeting, after which colored slides 
of historical cars were shown by Mur- 
ray Snively, treasurer of the HCCA; 


and Sid Becka displayed his 1921 Du- 
senberg Model A Roadster, telling how 
he obtained the car, what condition it 
was in, and various details on restor- 
ing it. This car was of special interest, 
owing to the advanced (for 1921) en- 
gineering features including an over- 
head camshaft, straight-8 engine, dual 
carburetion, and 4-wheel, internally 
expanding hydraulic brakes. 

On display for the engineers were a 
1903 Olds, single-cyl Runabout; 1906 
Mason 2-cyl Sport Roadster; 1912 
Buick Sport Roadster; 1913 Carter, 
Friction drive; 1916 Chevrolet, Model 
490 Touring; and Becka’s 1921 Dusen- 
berg Model A Roadster. 

Shown in the photo at left are Sid 
Becka (left) explaining his Dusenberg 
to R. W. Cochran (right) of White 
Motor Co. In photo at right, Bert 
Lehman is explaining the inner work- 
ings of his 1906 Mason 2-cyl Sport 
Roadster to Robert R. Atchison, 
Chevrolet Motor Division, GMC; Nor- 
man A. Olson, Public Service Co. of 
Colorado; and Wally Martin. 
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THE M ACKIN AC BRIDGE longest suspension bridge in the world, 

‘ was the topic of the January 27 meeting 
of the SOUTH BEND DIVISION of the CHICAGO SECTION. Speaker of the 
evening was John Kinney, resident engineer for the D. B. Steinman Consulting 
Engineering Firm of New York. 

Speaker Kinney told the engineers that the Mackinac Bridge includes 8614 ft, 
including anchorages, and was opened to traffic November 1, 1957 . . . the struc- 
ture was opened to the public on the exact date set about four years ago. 

Facets of the construction included the following: 

e The Mackinac Bridge is designed, and confirmed by wind tunnel tests, to be 
aerodynamically stable for vertical, torsional, and coupled oscillations at any 
angle of attack for wind velocities up to the value of about 1000 mph. 

e The piers and foundations, which consist of 450,000 cu yd of concrete, were 
completed in two short construction seasons. 

@ Open steel caissons, 116 ft in diameter were sunk through 140 ft of water 
and another 70 ft of overburden of rock, to almost 210 ft below the water level. 

A record was set in May, 1955, when 
6250 cu yds of grouted-aggregate con- 
crete were placed in one day. 

e The cables supporting the bridge 
are 24% in. in diameter, and required 
11,100 tons (41,000 miles) of wire. 
New cable spinning records were made 
when two cables were strung in 78 
two-shift working days. 

Appearing left with Speaker John 
Kinney (middle), are John K. Ne- 
meth (left), chairman of arrange- 
ments, and Ralph Handy (right), 
technical chairman for the meeting 
and vice-chairman for the South 
Bend Division. 


FUEL INJECTION SYSTEM of the Rochester Products Division, GMC, 


was discussed at the ALBERTA GROUP 
meeting January 17... guest speaker was Henry F. Feldman of Rochester Prod- 


ucts Division. 


Among the points made by Feldman on the characteristics of the system, were 

the following: 

e Styling trends of today’s car are toward lower hood lines, and carburetor and 
air cleaner heights have been reduced until it seems almost impossible to 
build them any lower. Since fuel injection does not require a down draft 
of air intake, it offers interesting possibilities in being able to reduce height 
for future styling requirements. 

e Since fuel delivery does not depend on level of fuel in a bowl, operation of 
the fuel injection system is very little affected by maneuvers like tight turns 
and steep hill climbing. 

e Since the fuel is sprayed into the warm part of the engine, less extra fuel is 
required before the system is operating at normal performance. 

e Response to the throttle is instantaneous since the fuel is under pressure at 
all times and needs only to be released for acceleration. 

e Another possibility in fuel injection is that fuel, since it is supplied sepa- 
rately from the air, can be shut off completely during acceleration if de- 
sired. This could reduce the amount of unburned hydrocarbons exhausted 
to the air and could also offer some improvements in fuel economy. 
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“WHY PROP-JET 
Engines for Commercial 
Use?” was the presentation 
featured at the January 14 
meeting of the WESTERN 
MICHIGAN SECTION ... 
speaker of the evening was 
E. M. Deckman (above), 
commercial sales manager 
of aircraft engines, Allison 
Division of GMC... features 
of Allison’s 501-D13 turbo- 
prop engine and intricate 
fuel control system were out- 
lined . . . and comparative 
operating costs and maneu- 
verability between turbo- 
props and jets were de- 
scribed. 


ONE PHARAOH ,°' 


cient Egypt decreed that the 
distance from his elbow to 
the end of his third finger 
was to be the Egyptian 
standard of measurement... 
explained C. G. Schelly, 
managing director of the 
Wilkie Foundation, in his 
presentation entitled “The 
Story of Measurement,” atthe 
WILLIAMSPORT GROUP 
meeting, January 6. 

The Egyptians called this 
standard of measurement a 
“cubit,” and all of the 
Egyptian “yardsticks” of 
that day were to the iden- 
tical length of the “master 
cubit,” kept in the Phar- 
aoh’s palace. This first 
standard of measurement 
awakened the world to the 
advantage of a fixed stand- 
ard and rigid adherence to it. 

Schelly told his saga of 
measurement with panel 
displays, exhibiting histor- 
ical standards of measure- 
ments, instruments, models, 
and colored cinemascope 
Slides . . . illustrating also 
some of the occasions in 
history that effected the 
evolution of measurement. 


$ 





SECTION PAPERS 


appearing in this issue ... 
MID-CONTINENT SEC- 
TION—R. S. Frank—‘The 
Design Engineer in Industry,” 
p. 26-27, #37; TEXAS GULF 
COAST—C. G. A. Rosen— 
“Looking Into the Crystal 
Ball on Future Automotive 
Power Plants,” p. 38-40, 
#841; SOUTHERN CALI- 
FORNIA SECTION—R. B. 
Canright-——“Chemical Les- 
sons Learned From The 
Nike Ajax Development,” 
p. 40 (Talk), D. T. Sigley— 
“The Corporal Servicing and 
Handling Vehicles,” p. 59 
(Talk); BUFFALO SECTION 
—J. A. O’Malley, Jr.—‘‘Lat- 
est Developments in VTOL 
Aircraft,” p. 41-46, #835; 
PHILADELPHIA SECTION 
—P. H. Richard—‘“The Fu- 
ture Automobile,” p. 60-63 
(Talk); ST. LOUIS SECTION 
—C. J. Wilhite—“The Case 
for Diesel,” p. 63, #S38; 
CHICAGO SECTION—W. C 
Suttle and F. C. Mock— 
“Performance and Opera- 
tional Characteristics of Au- 
tomotive Fuel Injection,” 
p. 64-68, #S29. 


AIRFRAMES, Guidance: 
‘ and Pro- 
pulsion were areas covered 
in. a panel discussion meet- 
ing of the SOUTH BAY DI- 
VISION of the NORTHERN 
CALIFORNIA SECTION on 
January 14. The panel con- 
sisted of Louis Reidinger of 
Lockheed Aircraft Corp.'s 
Sunnyvale Missile Systems 
Division; Oscar Schultz, en- 
gineering section head, in 
charge of navigation systems 
and components, Sperry 
Gyroscope Co.; and Lester 
Reukema, professor of Elec- 
trical Engineering, Univer- 
sity of California, Berkeley. 

“Engineering Problems in 
Rockets, Missiles, and Sat- 
ellites,” was the panel’s sub- 
ject . . . Reidinger discussed 
the problems in airframe de- 
sign associated with high 
speeds and temperatures... 
Schultz discussed inertia na- 
vigation system and some of 
the problems encountered in 
the manufacture of its com- 
ponents ... and Reukema 
discussed problems in pro- 
pulsion systems to attain or- 
bit velocity and escape vel- 
ocity. 


Rambling .. . 
THROUGH THE 


" ”" by R. J. Sulivan, 

HELICOPTER PRELIMINARY DESIGN, = iatietes oned- 
ect engineer at Hughes Tool Co. of Culver City, Calif., was the topic of the De- 
cember 7 dinner meeting of the NORTHROP AERONAUTICAL INSTITUTE 
STUDENT BRANCH. The program included films of the Hughes H-19 and the 
Russian Mil-6 ... and an address by David K. McKinley, chairman of the Stu- 
dent Activities Committee for the Southern California Section, on overall stu- 
dent activities. 

Shown below in conversation with Speaker R. J. Sullivan (left) are NAI stu- 
dents Edgar Jones, David Jones, John Trebes, and Asa L. Shaw. 


“MANUFACTURING 2°"°!- 


opment 
as a Staff Function” was the topic 
of the January 23 meeting of the 
TWIN CITY SECTION, with Speaker 
Charles A. Nichols, technical assis- 
tant to the vice-president, Process 
Development Staff, General Motors 
Corp. Discussion of various means 
which GMC uses to assist in process 
development for its divisions, accom- 
panied by colored slides, was included 
in the presentation by Nichols. 
Shown left are Speaker Nichols, 
left, and Twin City Section Vice- 
Chairman Albert L. Preston. 


“GENERAL HELICOPTER DEVELOPMENTS” rs, 
the SOUTHERN NEW ENGLAND SECTION meeting, January 28, by the presi- 
dent of Kaman Aircraft Corp., Charles Kaman. Description of the setup and 
work being done at Kaman, as well as problems associated with getting a project 
or development approved by the military, were covered by the speaker. Follow- 
ing the presentation, two short motion pictures of the Kaman HOK-3 turbine- 
powered helicopter, and the HOK-reciprocating engine ship were shown. 

In the course of his presentation, Kaman stated that: 

e A turboprop helicopter now under development will be capable of speeds in 
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the vicinity of 500 knots .. . in order to achieve this speed, other features 
such as Maximum vertical lift capacity, suffer to some extent. 

e One of the problems still to be solved in conjunction with the turbine-pow- 
ered helicopters is how to get rid of the exhaust blast. 

e It will be sometime before helicopters are available to private users. This 
is mainly due to the unavoidably high cost associated with the propulsion 
system. 

e There is a large and expanding market for commercial uses of helicopters, 
such as off-shore drilling operations, transportation into inaccessible ter- 
rain, and executive personnel transportation. 

e Kaman is at present investigating helicopters incorporating tip jets, but as 
yet these units have shown higher fuel consumption than more conventional 
units. 


SEASON'S LARGEST group from Texas A & M College traveled 100 
miles to attend the January 10 meeting of the 

TEXAS GULF COAST SECTION, featuring Paul Klotsch, manager of the me- 

chanical engineering department, Ford Motor Co., and his presentation on “The 

Free Piston Story.” 

Pictured right, in 

a pre-meeting dis- 

cussion, are, left 

to right, William 

B. Tilden, Sec- 

tion vice-chair- 

man; Charles F. 

Goff, Section sec- 

retary; Speaker 

Paul Klotsch; and 

R. Frank Wilson, | 

chairman of the 

Texas Gulf Coast | 

Section. 


EXTENSIVE TOUR of the Chevrolet-Tonawanda Division of GMC was 


staged January 21 in a combined meeting of the 
BUFFALO SECTION and its ROCHESTER DIVISION. A turnout of 400 mem- 
bers and guests viewed the machining and assembly lines, putting out the Chevro- 
let V-8 Turbo-Fire and Turbo-Thrust engines. - Portions of the guided tour are 
shown below, viewing (left) a V-8 engine on a dynamometer test stand, and 
(right) conveyor mounted pistons traveling between machining operations. 
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THE PLANNING 


for Progress story will be 
told to all Section and Group 
Governing Boards before 
June 1, 1958 . . . by quali- 
fied Committee-sponsored 
speakers who are now sched- 
uling meetings with each of 
the 44 nation-wide Govern- 
ing Boards. The speakers 
will explain the Planning 
for Progress Committee pro- 
gram to the groups—whose 
reactions, suggestions, and 
ensuing discussions will be 
compiled and summarized 
for presentation to the Plan- 
ning for Progress Committee. 

The Section Board Infor- 
mation Committee, which 
initiated this action, has 
implemented it through a 
newly-formed Sub-Commit- 
tee. 


ReCrrIENT “<5 &- 


year Cer- 
tificate of Membership, Rus- 
sel H. Stalnaker, is shown 
with Ervin R. Lehr, Chair- 
man of the SACRAMENTO- 
STOCKTON DIVISION of 
the NORTHERN CALIFOR- 
NIA SECTION. Stalnaker is 
a retired equipment engi- 
neer for the State of Cali- 
fornia. 


“Any 

AN OPTION ... mem- 
ber residing outside Section 
territory, upon written re- 
quest for assignment to 
membership in a given Sec- 
tion may be so assigned. 

“Such a member can se- 
lect only one Section.” 

The above’ information 
(pertinent to about 5% of 
SAE members who live out- 
side Section or Group ter- 
ritory) is printed at the re- 
quest of SAE Council. 

Request for assignment to 
a specific Section or Group 
should be addressed to Sec- 
tions Department at SAE 
Headquarters. 


— 
_ 
_ 





the 


SAE Overseas Look 
l/s Gaining Momentum 


HE SAE Overseas Information Ad- 

visory Committee, in a recent report 
to SAE Council, views with great satis- 
faction the broad coverage of overseas 
engineering topics by SAE activities 
and publications in the last 12 months. 
Noted especially in the report were the 
increasing number of overseas papers 
being generated by the various Activi- 
ties without suggestion—and often 
without help—from the OIC. “This 
increasing awareness of overseas po- 
tentials,” the report says, “far better 
effects this Committee’s objectives than 
could the limited results of the Com- 
mittee’s direct stimulation and pro- 
curement.” 

OIC plans to enlist member-travelers 
to report on European meetings and 
events in terms of American engineer- 
ing interests were also revealed. OIC 
Chairman M. A. Thorne, General Mo- 
tors Corp., has scheduled a meeting of 
the Committee for March 10 at the 
Rackham Building in Detroit. 


Sections Plan 1958 
Membership Goals 


N_ anticipated 

9% member- 
ship increase in 
applications was 
shown by replies 
to a recent ques- 
tionnaire sent to 
all Sections and 
Groups by Frank 
Lary, 1957 Mem- 
bership Commit- 
tee Chairman. 

The quiz, asking local groups to re- 
port on membership plans and pros- 
pects, was answered by 30 of SAE’s 
44 Sections and Groups in the US. 
and Canada. 

Planned programs covering many 
aspects of membership promotional 
activity were listed. Several Sections 
stressed the importance of follow-up 
of meeting guests. Others surveyed 
new and established industries in their 
territory for qualified engineers. Some 
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story for March 


Sections felt the most successful ap- 
proach to potential applicants was 
through a personal contact of mem- 
bers with friends and associates. 

Prospect sources varied with the 
industrial composition of an area, but 
all Sections agreed there are qualified 
engineers who are not aware of SAE 
membership benefits. In a number of 
territories there are new plants and 
new men who should get “The SAE 
Story.” The Plant or Company Rep- 
resentative plan also has been an ef- 
fective means of reaching men in Sec- 
tions over the country. 

J. H. Dunn, 1958 Membership Com- 
mittee Chairman, plans to utilize the 
quiz in a follow-up on Section pro- 
grams shown in replies and a further 
inquiry as to programs of Sections 
which had not replied. 


SAE Sponsors Papers 
At 1958 Nuclear Congress 


HE SAE Nuclear Energy Advisory 

Committee has been successful in ob- 
taining three papers for sponsoring at 
the 1958 Nuclear Congress, being held 
in March in Chicago. 

The papers are: 


1. “Radioactive Tracers in Extreme- 
Pressure Lubrication,” by E. H. Loeser, 
R. C. Wiquist, and S. B. Twiss, Chrysler 
Corp. The mechanism of wear reduc- 
tion and scuff prevention as deter- 
mined by means of radioactive isotopes 
incorporated in e-p oil additives is de- 
scribed. These additives form chemi- 
cally reacted films, which have been 
investigated under both static and dy- 
namic conditions. The activity of the 
additive appears to be a function of 
concentration, temperature, pressure, 
and nature of the wear surface. Origi- 
nal work is presented on the use of 
radioactive phosphorus 32 contained in 
zine dialkyl dithiophosphate, which is 
widely used in engine oils to prevent 
wear and scuffing in valve trains. 
Studies of oil decomposition and static 
immersion tests are reported. Most 
important are dynamic studies carried 
out in a bench scale cam and tappet 
tester under various load and speed 
conditions. Radioactive determina- 
tions were made by means of a Geiger 


counter and by autoradiographs of 
both cam and tappet surfaces. 

2. “Chromium 51 Plated Piston 
Rings for Use in Wear Studies,” by C. 
H. Wright, United States Radium Corp. 
This paper describes how the plating 
solution containing Cr 51 is made and 
how the piston rings are plated. CrO, 
in sealed quartz ampoules is irradiated 
in the low-temperature section of a 
pile to avoid decomposition of the CrO,. 
Special’ procedures must be used to 
form a plating solution containing this 
irradiated chromium and then to plate 
the rings properly. 

3. “Radioactive Chromium as a 
Tracer in the Determination of Wear 
of Automotive Piston Rings in Vehicle 
Operation,” by R. G. Abowd, Jr., Ethyl 
Corp. Chromium 51 when plated on 
the faces of eight top compression 
rings was used as a radiotracer to de- 
termine fuel and lubricating oil effects 
on the wear of this critical surface. A 
late model V-8 passenger car was fitted 
with a radiochrome plated ring in each 
cylinder and operated from the labo- 
ratory garage on a suburban-type driv- 
ing schedule. 


Committee Personnel 


Dr. C. R. Lewis, Chrysler Corp., is 
chairman of the committee. Other 
members are: Dr. E. C. Bain; Dr. Henry 
J. Gomberg, University of Michigan; 
John J. Grebe, Dow Chemical Co.; Dr. 
Lawrence R. Hafstad, General Motors 
Corp.; Dr. A. A. Kucher, Ford Motor 
Co.; Ray McBrian, Denver & Rio Grande 
Western RR Co.; Dr. T. F. Nagey, Mar- 
tin Co.; E. D. Reeves, Esso Research & 
Engineering Co.; D. R. Shoults, Gen- 
eral Electric Co.; and Dr. J. B. Austin, 
U. S. Steel Corp. 


New Membership 
Handbook Released 


HANDY, quick-reference pocket 

guide to membership policy and pro- 
cedure—“SAE Membership Handbook” 
—has been issued by Sections and 
Membership Division. 

Written primarily for Membership 
Committeemen, the 12-page “Hand- 
book” is planned to assist in answering 
the questions which often crop up, such 
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as eligibility, dues costs, membership 
grades, and transfer—and many more. 

“SAE Membership Handbook” has 
been distributed to Section and Group 
Membership Committeemen and all 
members of the 12 Activity Commit- 
tees. 


Missile Unit Urges Papers 
Be Given at Aero Meetings 


HE recently activated SAE Missiles 

Advisory Committee reported to the 
SAE Council that “missiles sessions 
should be integrated with the aero- 
nautic meetings the Society now runs 
and that no separate meetings exclu- 
sively on missiles should be estab- 
lished.” 

One of several actions pertinent to 
this policy, reports Committee Chair- 
man Frank W. Fink, Ryan Aircraft Co., 
is the 4-paper session on “Missile En- 
gines and Systems” scheduled for the 
April 1958 National Aeronautic Meet- 
ing in New York. 

Serving with Chairman Fink are: 
W. F. Ballhaus, Northrop Aircraft, 
Inc.; J. H. Famme, Convair Division, 
General Dynamics Corp.; A. L. Klein, 
California Institute of Technology and 
Douglas Aircraft Co., Inc.; L. A. Wood, 
Pilotless Aircraft Division, Boeing Air- 
plane Co. 


Youll... 


be interested to know... 


CHARTER FOR AN SAE STUDENT 
BRANCH at Georgia Institute of 
Technology has been granted by Coun- 
cil action. The new Branch has the 
endorsement of Dean of Students, Dr. 
John H. Pershing, and the SAE Atlanta 
Section. Dr. K. G. Picha, who guided 
the group while an informal Club, will 
continue as Faculty Advisor of the 
Branch. 
* 


THE CONSTITUTION COMMITTEE, 
after joint sessions with Planning for 
Progress Committee, has revised cer- 
tain sections of the Constitution and 
By-Laws to refiect changes that have 
been agreed upon. . . . Other changes 
are under study. Many of these repre- 
sent better ways of accomplishing the 
purpose of the Society under the im- 
proved structure suggested by Planning 
for Progress. . . . The work is going 
ahead rapidly. 

Benefit of the Society’s legal counsel 
is being obtained where necessary to 
insure the Society carrying on its work 
within the limits of the Charter 
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granted by the State of New York, and 
in conformity with the Laws of In- 
corporation. 


* 


A CONSTRUCTION AND INDUS- 
TRIAL MACHINERY ADVISORY 
COMMITTEE, appointed several 
months ago, has as its objective broad- 
ening SAE’s scope to include compo- 
nents and attachments, and to develop 
means of making SAE facilities and 
practices available in these further 
areas. The Committee is headed up 
by Bucyrus-Erie’s George W. Mork. 
Chairman Mork has for committeemen 


R. W. Beal, Department of the Army; 
E. F. Norelius, consulting engineer; 
Norman Risk, Caterpillar Tractor Co.; 
Q. J. Winsor, Thew Shovel Co. 


* 


INDIANA SECTION is adding to its 
elective offices Activity vice-chairmen 
representing aircraft, diesel engine, 
passenger car, transportation and 
maintenance, and truck and bus. 

Council has authorized the Section 
to fill the new offices by appointment 
for the remainder of the current Sec- 
tion year—the offices to be elective 
thereafter. 


1958 SAE National Meetings 


e March 31-April 2 


Production Meeting and Forum, 


The Drake, Chicago, Ill. 


e April 8-11 


Aeronautic Meeting, Aeronautic Production Forum, 
and Aircraft Engineering Display, Hotel Commodore, 


Es Cig Mee Us 


e June 8-13 


Summer Meeting, Chalfonte-Haddon Hall, 
Atlantic City, N. J. 


e August 11-14 


West Coast Meeting, Ambassador, Los Angeles, Calif. 


e September 8-11 


Farm, Construction and Industrial Machinery, 
Production Forum, and Engineering Display, 
Milwaukee Auditorium, Milwaukee, Wis. 


e September 29-October 3 
Aeronautic Meeting, Aircraft Production Forum, 
and Engineering Display, Ambassador, 
Los Angeles, Calif. 


e October 20-23 


Transportation Meeting, Lord Baltimore Hotel, 


Baltimore, Md. 


e October 21-24 


Diesel Engine Meeting, Lord Baltimore Hotel, 


Baltimore, Md. 


e November 5-6 


Fuels and Lubricants Meeting, The Mayo, 


Tulsa, Okla. 





SAE NATIONAL 
AERONAUTIC MEETING 


including 


PRODUCTION FORUM 


DESIGN and DEVELOPMENT 


« Rocket engines 

¢ Instruments for jets 

e VTOL and STOL craft 

¢ Boron fuels and ion accelerators 
¢ Turbine fuels and lubes 


ee Al MANAGEMENT 
ee é 1 e Procurement 
Oa Ds} “C10 4 ¢ People and productivity 
4 ¢ Latest management techniques 
¢ When to subcontract 
¢ Adapting plants to new products 
¢ Newest ideas in quality control 


April 8-11, 1958 


HOTEL COMMODORE, NEW YORK CITY 


Plus: 


75 up-to-date engineering displays: engines, accessories, materials, production equip- 
ment... 


Malcolm A. Macintyre, Under-Secretary of the Air Force, C. L. (“Kelly”) Johnson of Lock- 
heed, and William Holaday of the Department of Defense, speaking at luncheons. 
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HEAVY-DUTY TRUCK 


AXLES THRIVE ON 
HY-ROLLS 


Sectional view of SLD axle shows 
HYATT Hy-Roll Type R-1212-TS at 
the important straddle pinion 
position. It is one of several 
HYATTS used in Timken-Detroit 
double reduction tandems. 


TIMKEN-DETROIT SPECIFIES HYATT HY-ROLL 
BEARINGS FOR SLD, SLDD TANDEM AXLES 


These rugged Timken-Detroit top mounted tandems, with straight line drive 
through double reduction gears, are earning a reputation for dependability and 
parts interchangeability which keeps downtime and maintenance costs very low. 


Typical of the aay components that go into these axles are HYATT 


cylindrical roller bearings, chosen for their ability to carry extremely heavy radial 
loads without restricting lateral movement, and their ease of assembly and 
disassembly. Timken-Detroit Division of Rockwell Spring and Axle Company, 
like other leaders in the industry, depends on HYATT engineering and production 
know-how for the best in bearings. So can you! Hyatt Bearings Division, 

General Motors Corporation, Harrison, New Jersey; Detroit; Chicago: 
Pittsburgh; Oakland, California. 


THESE LEADING COMPONENT MANUFACTURERS ALL USE HYATT BEARINGS: 


% CLARK EQUIPMENT COMPANY % DANA CORPORATION 
(transmissions and axles) (Spicer transmissions) 


%& EATON MANUFACTURING COMPANY »% FULLER MANUFACTURING COMPANY 
(axles) (transmissions) 


¥%&e ROCKWELL SPRING AND AXLE COMPANY 
(Timken-Detroit axles) 


THE RECOGNIZED IN CYLINDRICAL BEARINGS 
FORWARD FROM FIFTY 


WAT Mfy-ROLL BEARINGS 
FOR CARS AND TRUCKS 
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NOW IN 
VOLUME PRODUCTION 
... the TC-106 AT C.A.E. 


(USAF TYPE MA-1A) 


PORTABLE 
STARTING UNIT 


for 
LARGE JET 


AIRCRAFT | F 


MODEL 141 
TURBO-COMPRESSOR 
ENGINE 


Typical of the fine results of Continental development is 
the TC-106 portable starting unit for large jet aircraft. This 
advanced new model, with a high performance turbine 
compressor as its heart, weighs one-third less than its 
predecessor, yet has 17 per cent higher output, and in 
addition, other important qualities: greater mobility, less 
noise, and a completely automatic control system. .. . It 
is now in volume production at the Continental Aviation 
and Engineering Toledo plant. 


C.A.E. gas turbine models—the J69-T-9, the J69-T-2, and the J69- 

T-19A are being built for Cessna’s T-37A twin jet trainer, Temco's 

TT-1 Navy jet trainer, the Beech jet Mentor trainer, and the Ryan 
Q-2A Fire Bee target drone. 


UE eae LS 


12700 KERCHEVAL AVENUE, DETROIT 15, MICHIGAN 


SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 


Process Uses Creep 
For Forming Parts 


Based on secretary's report by 


D. M. STUBBS 


Lockheed Aircraft Corp 


IREEP forming provides more uniform 

elongation of material, greater ac- 
curacy, and less waste than conven- 
tional stretch-forming methods. 

A known characteristic of most me- 
tallic materials is that of plastic flow, 
or deformation at stress levels sub- 
stantially below the normal yield 
strength when the load is sustained 
over a period of time. Also, this de- 
formation is accelerated, in terms of 
time, when the material being formed 
is heated. 

By imposition of suitable controls on 
the variables, the complex interrela- 
tionship between load, time, tempera- 
ture, and elongation has been devel- 
oped into a manufacturing process by 
one large aircraft company. This proc- 
ess is called creep forming, and has 
been used on titanium alloys and to 
some extent on 17-7PH stainless steel. 

The company’s first application of 
creep forming as a production process 
was done on a large Hufford stretch 
press. At room temperature, over 120 
tons would be required to stretch form 
the part from 0.070 in. titanium alloy 
(8% manganese) sheet having a blank 
width of 32 in. The load was within 
the capacity of the stretch press, how- 
ever, the blank width limited the grip 
to four of the curved jaw segments, 
each of which is capable of a 25 ton 
grip. Therefore, the total force avail- 
able to form the part was 100 tons. 
The die was made of steel plate, 
bumped, and hand finished to contour. 

Provision was made on the back side 
of the die for heating units sufficient 
to bring the die-face temperature to 
1000 F. At a temperature of 1000 F 
and at a pressure of 35,000 psi, a sub- 
stantial amount of creep occurs in the 
alloy in slightly more than 1 min. The 
actual time required to completely form 
the first part was over 20 min. This 
is explained by the rather slow rate of 
heat transfer from die to blank be- 
cause of the high crown of the die. 
Consequently, press load pressure was 
increased slightly to compensate for 
lower temperature, and subsequent 
parts were completely formed in less 
than 5 min each. 

These skins, which had been gridded 
before forming, exhibited much more 
uniform elongation over the entire part 
area than many parts of similar con- 
tour which had been stretch formed at 
room temperature. Also, the hot- 
stretched skins, with their constant 
width of blank, did not generate the 
waste of material resulting from trim 
operations to narrow the center sec- 
tion of the blank before forming. This 
was necessary on many skins of sim- 
ilar contour (to effectively widen the 
grip area) which were formed at room 
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temperature. The skins contoured by 
the creep forming process matched the 
contour check fixture exactly and re- 
quired no subsequent contouring oper- 
ations. 


Straight Bends 


The principles of creep forming can 
be used to advantage in the production 
of many angular titanium parts, par- 
ticularly those which involve subse- 
quent joggling or other forming, by 
means of relatively simple tooling. 
Heated and matched Vee dies are used 
on the power brake, punch press, or 
hydro press to form angles, channels, 
and related configurations and to set 
joggles. Brake and punch press cycles 
must be altered to dwell on bottom 
dead center. 


Sizing 

For more complicated parts, it was 
found that new equipment was required 
in order to exert both horizontal and 
vertical forces simultaneously as a 
final hot sizing and straightening op- 
eration. In this operation, the parts 
are first formed by conventional meth- 
ods (brake, stretch press, hydro press, 
punch press, drop hammer). After the 
first forming operations, the parts are 
stress relieved in an oven, and then 
given their final degree of accuracy by 
creep forming. Although the cycle 
times for this final operation range 
from % min to 5 min the hand form- 
ing thus eliminated effects considerable 
savings. 


Tooling 


In the design of creep-forming tool- 
ing, no allowance is made for spring- 
back or thermal growth of the mate- 
rial, the dies being made net. Parts 
manufactured by this process are as 
accurate as the tools, exhibiting a very 
high degree of uniformity. 

Since these standard tools are kept 
for extended lengths of time at 1000 F 
or higher, it has been found advisable 
to make them from hot-work tool steel. 
For short run or prototype work, hot- 
rolled steel is used. Type 316 or 410 
stainless steels are used to make the 
universal heating units. Tubular elec- 
tric resistance heating units are gener- 
ally used as a source of heat; however, 
natural gas has been used very effec- 
tively. Embedded thermocouples con- 
trol electrical input to the universal 
heating units, and die temperatures are 
permanently recorded on strip charts 
for inspection purposes. 

Serving on the panel which devel- 
oped the information in this article, in 
addition to the panel secretary, were: 
J. B. Bierbower, Lockheed Aircraft 
Corp.; O. Walker, Ryan Aeronautical 
Co.; R. H. Henke, Allegheny Ludlum 
Steel Corp.; L. S. Busch, Mallory Sharon 
Titanium Corp.; J. W. Price, Douglas 
Aircraft Co.; G. P. Campbell, Boeing 
Airplane Co.; and H. W. Bloom, North 
American Aviation, Inc. 


To Order SP 321... 
on which this article is based, see p.5 
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Continued from page 6 


plastic models of fuel tanks of F-102A 
interceptor, Convair 800 jet trans- 
port aircrafts, etc, to provide fuel vol- 
ume level lines, to determine correct 
location of equipment such as vent 
valves, pumps and transfer tubing, 
and to ensure minimum quantities of 
trapped fuel; bread board to check 
pneumatic items; automatic program- 
ming of data recording, fuel flows, 
and altitude schedules. 


Thoughts Regarding Presentation 
of Pump Data, D. B. NICKERSON. 
Paper No. 235 presented Sept.-Oct. 
1957, 5 p. Outline of graphic method, 
developed at Hydro-Aire, of present- 
ing aircraft pump data to determine 
readily effects of changes in pump 
speed and scale; presentation of data 
is so designed that pump can be scaled 
up or down by use of straight-edge 
and pair of dividers; scaling is based 
on pump similarity laws; analytical 
background, and examples of appli- 
cation. 


Requirements, Parameters and De- 
sign Considerations for Pneumatic In- 
let Control Systems, R. E. MATZ- 
DORFF, C. F. NEWBERRY. Paper 
No. 236 presented Sept.-Oct. 1957, 31 p. 
Role of air induction systems in devel- 
opment of aircraft with air breathing 
engines; their function and types; 
factors affecting inlet pressure recov- 
ery; matching of airflows between in- 
lets and engines; requirements for in- 
let controls; aerodynamic parameters 
for control intelligence; closed loop 
vs scheduling controls; inlet dynamic 
and design considerations. 


Why Hate High Pressure Pneu- 
matics? H. E. WRIGHT. Paper No. 
237 presented Sept.-Oct. 1957, 12 p. 
Role of h-p pneumatics as energy 
source for aircraft systems: danger as 
major disadvantage of pneumatic sys- 
tems; data which can be used to eval- 
uate system and determine type of 
energy to be employed, e.g. pneumatic 
or hydraulic; analysis of simple sys- 
tem consisting of actuating cylinder, 
transmission lines, and energy source; 
consideration of landing gear system 
of modern airplane. 


Problems Encountered in Use of 
Liquid Oxygen, P. L. CATRON. Paper 
No. 238 presented Sept.-Oct. 1957, 6 p. 
Use of liquid oxygen as source of 
breathing oxygen in military aircraft 
and types of problems encountered; 
it is shown that present systems offer 
workable solutions and that basic 
shortcomings are complication and 


Continued on page 119 
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You can 


do more things 
...and do them 


better with 
fi? 


(_ 242 MAGNET ® 


CERAMIC 
MAGNETS 


or 


The permanent magnets 


that 


are really permanent 


Ceramics 

offer great- 

est resistance to de- 
magnetization of any com- 
mercial magnet material 
. . . All energy is fully 
usable—no_ keepers, pole 
pieces or auxiliary air gaps 
needed .. . Can mag- 
netized before or after as- 
sembly . Electrically 
non-conductive . . . Less 
heating . ... Inert to chemi- 
cals and gases... Up to 8 
or more poles on a single 
flat face... AND MANY 
OTHER ADVANTAGES. 


Write for Ceramagnet 
Engineering Bulletin RC-11A 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. 


Se oo” 


OU sa ts ch A NSH 


7 





ANOTHER 


Silters 


EUCLID SIX-WHEEL SCRAPER POWERED THROUGH ALLISON 
TORQUE CONVERTER PROTECTED BY AC OIL FILTER. 


ae. 


oer 285 


- S ” - 
sani Te 


GREAT PRODUCT OF ENGINEERING CREATIVITY! 


FOR AUTOMATIC 
TRANSMISSIONS 


. an a ag a ae | 

or) a n , * 
a \ . 
a  & ‘ 
Tee, meager. aie 


en ee as 


Protect delicate, precision-machined parts 


from dirt, dust, grit and bits of metal! 


CHEVROLET HEAVY-DUTY TRUCK POWERED THROUGH ALLISON 
AUTOMATIC TRANSMISSION WITH AC OIL FILTER. 


‘ —_ 
Le re ee. ba ee 8 cs al 


Automatic Transmissions meet their supreme chal- 
lenge from heavy-duty equipment—mammoth off- 
the-road earth movers and high-tonnage trucks! 


They operate under extreme conditions of dirt and 
dust—heat and cold. Yet, their delicate, precision- 
machined valves and valve arrangements must func- 
tion perfectly under high pressures and in high 
temperatures. 

AC engineering creativity was enlisted by manu- 


ac Sp THE ELECTRONICS DIVISION OF GENERAL MOTORS on 


— 


am 
ae 

ee 
ee ee te =? ae cates 
PF pee, Pe ee 


facturers to design and produce full-fiow Oil Filters 
expressly for heavy-duty Automatic Transmissions! 
These AC Oil Filters had to be so efficient that they 
removed minute particles of foreign matter and still 
maintained flow rates up to 35 gallons per minute. 
And they had to conform to the basic design of the 
Automatic Transmissions. 

Oil Filters for Automatic Transmissions prove AC’s 
abilities to design and produce units for clients on 
schedule. Consult any AC Office about your needs! 


= Watch Walt Disney Studios’ ZORRO every week on ABC-TV 


FORWARO 2ROM BIBT Ye 
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Continued from page 117 
degree of reliability; schematics of 
typical systems; areas of improvement 
suggested include methods of decreas- 
ing leakage, improving filling time, 
and presenting oxygen quantity in 
more useful terms. 


Automatic Maintenance: Practical 
Applications to Aircraft, R. A. TAY- 
LOR. Paper No. 208 presented Sept.— 
Oct. 1957 7p. Automatic maintenance 
verifies system operation, accomplishes 
fault isolation and warns of impend- 
ing failure; decision must be made at 
preliminary design stage as to which 
feature must receive priority for auto- 
matic maintenance depending on type 
or mission of aircraft; system integ- 
rity; read-out technique of data as 
voltages; programming of indications. 


Introduction of Automation in Mili- 
tary Maintenance, A. J. MORROW. 
Paper No. 209 presented Sept.—Oct. 
1957 7 p. Design and use of Sperry 
Gyroscope Co. Rapid Automatic Check- 
out Equipment (RACE) to prove op- 
erational capability or to isolate mal- 
functions; method of performance; 
block diagram shows electronic, elec- 
tric, and electro-mechanical equip- 
ment required; programmer and sub- 
programmer coupled with memory 
form master control using same prin- 
ciples as digital computers; sequence 
of operation. 






Behavior of Aircraft Structures Un- 
der Thermal Stress, G. H. SPRAGUE, 
P. C. HUANG. Paper No. 212 pre- 
sented Sept.—Oct. 1957 18 p. Study of 
structural behavior under nonuniform 
stress systems produced by combined 
thermal effects and external loading; 
method of analysis and formula; ef- 
fect of residual stresses, resulting from 
inelastic behavior under nonlinear 
stress systems, on subsequent struc- 
tural behavior; experimental verifica- 
tion of basic analytical procedures; es- 
tablishment of design considerations. 


Application of Digital Computers to 
Jet Engine Design, D. W. PETERSEN. 
Paper No. 191 presented Sept.—Oct. 
1957 8 p. Use of computers at Pratt 
& Whitney in solving problems of gas 
turbine design; designing compres- 
sors with suitable surge line shape and 
with location of efficiency contours 
permitting optimum performance; 
programming of computer to perform 
calculations necessary for surge line 
survey. 


Designing with Steel for Lighter Air- 
craft, B. MITCHELL. Paper No. 210 
presented Sept.—Oct. 1957 17 p. Three 
year study at Ryan Aeronautical Co. 


Continued on page 120 
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POTTERY, STATUARY AND 
MOLDING PLASTERS— include 
the perfect plaster for the manu- 
facture of sanitary ware, dinnerware, 
electrical porcelain ware, and for 
casting art objects such as plaques, 
statues and novelties. From this 
line of pure, evenly textured, finely 
ground plasters can be supplied 
the particular one designed to fill 
your needs. 





DENSITE —aA specially processed 
gypsum on which our complete line 
of high strength industrial plasters 
is based. From its versatility and 
unusual characteristics comes a 
group of plasters, each of which is 
designed for maximum efficiency 
on a particular job—case and block 
molds, patterns, shell casts, etc. 





SPECIALTY PLASTERS— Metal Cast- 
ing, Certrock, Breakaway and other spe- 
cialty plasters are also available. 


\NDUSTRi4, 


r 
Bestwall Certain-teed Sales Corp. 
| 
1 


For a complete selection of the finest industrial plasters, mail the coupon below, 
or call our nearest sales office. We'll help you choose the plaster that will do 
the most efficient job for you. 


Dept. SA 


120 E. Lancaster Ave. 
Ardmore, Pa. 


Please send me information on Bestwall industrial 
Plasters and how they will meet my needs. 


Name Title 
Company 
BUILD pucts Type of Business Type of Plaster. 
ING pro | Street 
| City Zone State 


Manufactured by Bestwali Gypsum Company—sold through 


BESTWALL CERTAIN-TEED SALES CORPORATION 


120 East Lancaster Avenue, Ardmore, Pa. 
EXPORT DEPARTMENT: 100 East 42nd St., New York 17, N.Y. 


SALES OFFICES: 

ATLANTA, GA. CLEVELAND, OHIO 
BUFFALO, N. Y. DALLAS, TEXAS 
CHICAGO, ILL. DES MOINES, 1OWA 


CHICAGO HTS., ILL. DETROIT, MICH. 


EAST ST. LOUIS, ILL. 
JACKSON, MISS. 
KANSAS CITY, MO. 
MINNEAPOLIS, MINN. 


WILMINGTON, DEL. 
RICHMOND, CALIF. 
SALT LAKE CITY, UTAH 
TACOMA, WASH. 





What's Your Plaster Requirement? 


Bestwall Industrial Plasters can meet all your needs 


has cs se ee ee ee ee ee ee 
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has resulted in structure that is both 
light and strong; low weight and high 
Strength are achieved by use of steel 


foil that is stiffened locally with mini- 
ature corrugations and by tapering 
spar caps to match load; design charts, 
tables and illustrations of typical 
structures show how steel foil can be 
used. 


Role of High Strength Weldments 
in Aircraft Structure, B. R. ALSO- 
BROOK. Paper No. 211 presented 
Sept._Oct. 1957 19 p. Steel weldments 
in production at Rohr Aircraft Corp. 
are heat treated to 200,000 psi ultimate 
tensile strength, utilize AMS 6434 


LOW AIR PRESSURE 
WARNING SWITCH 


for Trucks and Tractors 


Designed to meet the exacting, heavy-duty requirements 


of today’s air brake systems, 
Switch has been proved “ 


the new FASCO “455” 
right-for-the-job” by thousands 


of miles of actual road tests. Its operation is sure, de- 


pendable, and it performs its 


“watchdog” duty by acti- 


vating a warning light or warning buzzer when the air 
supply falls below a safe operating level (approximately 


60 p.s.i.). 


The rugged, compact design of the “455” 


permits it 


to withstand extreme pressure, equal to several times 
the available vehicle pressure. The all-steel, hex-shaped 
housing which is corrosion-protected, provides extra 
safety and makes for quick, easy installation. And here’s 
a point to remember—the use of this switch is not lim- 
ited to trucks and tractors. It can be adapted to any 
low-pressure application. 


Samples and complete data available on request. 


AUTOMOTIVE 


DIVISION 


SCO INDUSTRIES, INC. 


ROCHESTER 2, NEW YORK 


DETROIT OFFICE. 12737 PURITAN + PHONE: UN 17476 


steel and are joined with AISI 502 
stainless rod; examples of applications 
illustrate design versatility; factors 
affecting joint design; metal arc proc- 
ess used on low alloy high strength 
steel. 


Metallurgical Design Considerations 
for Precipitation Hardening Steels Up 
to 1200 F, F. K. LAMPSON. Paper 
No. 216 presented Sept.—Oct. 1957 19 p. 
Information on metallurgical phe- 
nomena which must be considered to 
obtain optimum properties from 17- 
7PH, 17-4PH, AM 350, AM355, and 
A-286, used on production basis in 
many engines and airframes; temper- 
ature ranges and mechanical proper- 
ties; chemical composition; definition 
of terms used; effect of chemistry and 
heat treatment variables. 


FUELS & LUBRICANTS 


Looking Ahead in Fuels for Auto- 
motive Transportation, J. M. CAMP- 
BELL. Paper No. SP 216 presented 
Nov. 1957, 32 p. Comparison of energy 
requirements in United States for auto- 
motive transportation, commercial air- 
craft, rail and marine transportation 
shows dominance of gasoline; role of 
fundamental research programs to im- 
prove octane number, etc; study of 
knock and problems involved; evolu- 
tion of high compression engine; how 
consumer benefited from research; 
air pollution and need for improve- 
ment in control of carburetion; future 
trends. 47 refs. 


These digests are provided by Engineering 
Index, which abstracts and classifies material 
from SAE and 1200 other technical magazines, 
society transactions, government bulletins, re- 
search reports, and the like, throughout the 
world.. 


ALSO AVAILABLE .. 

- 1957 SAE LOS ANGELES AIR- 
CRAFT PRODUCTION FORUM, pre- 
sented September 30-October 2. Sec- 
retaries’ report of 16 paneis on “Pro- 
curement,” “Program Scheduling and 
Control of Changes,” “Large Struc- 
tural Components,” “Manufacturing 
Techniques—High Temperature Sheet 
Materials,” “Quality Control as Re- 
lated to Manufacturing,” “Test Equip- 
ment,” “Control of Manufacturing 
Costs,” “Metal Removal—High Tem- 
perature Material,” “Electronic Data 
Processes, Production Control As Used 
by Manufacturing,” “Plant Engi- 
neering,” “Management Training,” 
“Ground Support Equipment,” “Aero- 
dynamic Smoothness and its Impact 
on Production,” “Numerical Machines, 
Operation and Maintenance,” “Intro- 
ducing New Manufacturing Tech- 
niques and Processes Into Production,” 
and “Metal Bonding.” Available as 
Sp-321 from SAE Special Publications, 
485 Lexington Ave., New York 17, N. Y. 
Price: $3.00 to members; $6.00 to non- 
members. 
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Carburetion... / 


CENTURY 


Follow the lead of 10 big man- 
ufacturers who changed to 
Century LP-Gas carburetion. 


Century leadership is evidenced by the 
fact that 10 manufacturers are now 
installing Century LP-Gas carbure- 
tion as factory standard. 

The big difference in Century car- 
buretors is the metering valve which 
gives positive control of the gas re- 
gardless of changes in altitude, tem- 
perature or gas pressure. Century 
progressive jet carburetors are factory 
calibrated and set to the engine’s per- 
formance curve. They provide easy 
starting, perfect idling and full power. 
They are available for every engine 
from 5 to 500 h.p. 
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Marvel-Schebler 


Leader among Leaders! 


A new champion in LP-Gas carburetion was born when 
Century joined Marvel-Schebler. Here is a combination of 
an outstanding carburetor design and a dependable factory 
carburetor service ready to furnish a balanced carburetion 
system exactly to your engine requirements. 

Century now has the complete research and develop- 
ment facilities to build an LP-Gas carburetion system 
exactly suited to your engines. Each unit balanced in size 
and capacity. Each carburetor is factory calibrated and set 
to engine’s performance curve. You get the ultimate in 
engine performance and dependability. 


Demand the dependability of a complete 
Century carburetion system with metering 
valve control of combustion. 


Century Gas Equipment 
Marvel-Schebler Products Division, Borg-Warner Corp. 
625 Southside Drive, Decatur, lilinois 





ATTEND THE 


ASTE 


TOOL SHOW 


CONVENTION CENTER 
PHILADELPHIA MAY 1-8 


SEE aii the very latest advances 
and improvements in more than thirty 
major categories of industrial products. 


ATTEND top-level conferences, con- 
ducted by recognized authorities on 
the newest production techniques and 
developments. 


MEET and exchange ideas with 
management, engineering, production, 
sales people from the nation's leading 
industrial concerns. 


INSPECT the modern equipment 
and up-to-the minute manufacturing 
methods being utilized in booming 
Delaware Valley plants. 


AMERICAN SOCIETY 


CONFERENCE 
Qi 
 MAYITO® 


New Members Qualified 


‘hese applicants qualified for admis- 
sion to the Society between January 10, 
1958 and February 10, 1958. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Atlanta Section 


Robert D. Gilson (M), B. A. Martin, 
Jr. (M). 


Baltimore Section 
George T. Adams, Jr. (M) 


British Columbia Section 
Harry S. Gray (A). 


Buffalo Section 
John K. Hastings (M). 


Canadian Section 

Leo J. Butticci (J), Benedictus L. de 
Joode (M), Donald Matheson Grant 
(J), Edward James Hearn (J), Mar- 
shall W. Roth (A), Charles A. Speers 
(A), L. F. Whitfield (M). 


Centrai Illinois Section 

Thomas Cook (A), Albert W. Crum- 
rine (J), Rollen G. Easter (J), Lloyd K. 
Heinold (M), James R. Hill (J), Carl 
E. Kacynski (J), Carlisle S. Morris 
(M), R. V. Pearson (A), Donald Arthur 
Thornley (J), Richard Wayne Walker 
(J). 


Chicago Section 

John F. Bowski (J), Eugene T. 
Champlin (M), Andrew J. Herstel (M), 
Henry Fred Janus (J), Edward C. Mc- 
Fadden (A), Jomes J. Morrell (A), 
Richard S. Wagerson (A). 


Cleveland Section 

Richard M. Fischer (M), Paul V. 
Golden (J), William Patrinos (M), 
Paul Rees (A), Willis W. Stuart (M), 
Norman B. Thornhill (A). 


Colorado Section 


Robert O. Nagel (A), 
Woods (M). 


George T. 


Detroit Section 


Peter Ashurkoff (J), Stephen Ava- 
kian (J), Edward K. Benda (M), Law- 
rence Paul Brissette (M), Robert W. 
Clark (J), Earl W. Cunningham (M), 
George A. Davis (A), John E. DeCou, 
Jr. (J), Victor E. Eicher (J), Richard 
P. Halbach (J), John Henry Jacobs 
(M), Ronald M. Kasperzak (A), Bomi 
Dinshawji Kerawalla (J), Robert W. 
Keyser (M), Douglas Wigham Knowles 
(M), Raymond A. Kobe (J), Howard 
W. Locker, Jr. (M), Germaine C. Lock- 
wood (J), Joseph D. Loveley (M), J. 
Edwin MacAfee (J), George C. Matt- 
son (M), Kenneth T. Milne, Jr. (M), 
Andrew Moons (A), Harold M. Mor- 
rison (J), Martin J. Paliokas (M), Ben 
C. Parr (J), Rolland E. Percival (M), 
Everett C. Petrak (J), Richard L. Rey- 


nolds (J), Albert E. Roller (M), Wil- 
liam Albert Salisbury (J), Alden W. 
Sears (M), Arnold Alfred Skarjune 
(M), Robert James Smith (J), Edward 
J. Snyder (M), James N. Sowers (M), 
Kenneth Leslie Thorpe (J), Fred F. 
Timpner (M). 


Indiana Section 

Thomas W. Baker (J), Dean S. 
Bunce (A), Heinrich Davatz (M), 
Ralph William Dugan, Jr. (J), Law- 
rence E. Lund (M). 


Kansas City Section 


Theodore N. Duncan (M), 
H. Solger (M). 


William 


Metropolitan Section 

Frank H, Brock (M), William Russell 
Collins, Sr. (A), Frank Whittaker Crook 
(A), Nelson M. Dias (M), Eugene J. 
Faust (J), Deane Fredric Flader (M), 
Walter F. Hayes (J), John Milton Jor- 
dan (J), Hyman Lewis Kazin (M), 
Robert Kurzweil (M), Mannie Schnei- 
der (M), Roy Samuels (A), Frank A. 
Tessitore (J), Frank Tubeck (M). 


Mid-Michigan Section 


Mitchell Bereznoff (J), James Ed- 
ward Fent (J), Keith W. Miller (J), 
Donald F. Urban (J). 


Milwaukee Section 


Ralph P. Eglsaer (M), Lawrence E. 
Higgins (M), Arthur John Klenner 
(M), Norman F. Larson (A), Allen J. 
Malsack (J), Donald A. Meyerhofer 
(J), Walter Michalica (M), Richard 
Herbert O’Brien (A). 


Montreal Section 


Lloyd Anderson (M), Frederick Rus- 
sell Cowley (J), Barrie R. B. Hall (J), 
William Sydney Longhurst (M). 


New England Section 


Gerard (Jerry) A. Desjardins (A), 
Eugene D. Veilleux (J). 


Northwest Section 


Donald W. Finlay (M), Gordon V. 
Johnson (J), Roger A. Molt (J), Earl 
A. Parker, Jr. (M), Raymond J. Schaaf 
(M). 


Northern California Section 


Norman A. Avedian (J), Franklin D. 
Holt (J), Frank B. Hurtubise (M), 
Jerome L. Wetterholm (J). 


Oregon Section 
L. D. Shafer (A). 


Philadelphia Section 


Frederick C. Bowman (A), Charles 
B. Grove (A), Kenneth C. Kresge (J), 
Lawrence O. Miller (J). 


St. Louis Section 
Leonard 8S. Echols (M). 


San Diego Section 


John W. Baxter (M), William Alex- 
ander Hudson (A), David Theadore 


Continued on page 125 
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lf you need TEFLON in any form 


R/M is the place to get it! 


‘ 
; 
if 
es 
7. 
:. 
tte 


Raybestos-Manhattan pioneered in research and develop- 
ment in the use of “Teflon.” R/M has had vast experience 
in fabricating this amazing substance . . . has accomplished 
things with it once thought impossible, such as molding 
highly complex valve diaphragms. 

But R/M has more than the know-how—it has the 
facilities to produce “Teflon” in exactly the form you want 
it . . . can supply ail your needs, from the usual types of 


tubes, tape, rods, sheets and flexible wire braid covered 
hose to complicated molded and machined parts. 

That is why R/M should be your headquarters for all 
your needs in products made of “Teflon,” from simple 
standardized parts to intricate components painstakingly 
customized to your specifications. Call on your nearest 
R/M district office for the cooperation you need. Or write 
for detailed information. 


*A DuPont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa. 


BIRMINGHAM 1 « CHICAGO 31 « CLEVELAND 16 « DALLAS 26 « DENVER 16 « DETROIT 2 « HOUSTON 1 « LOS ANGELES 58 »« MINNEAPOLIS 16 
NEW ORLEANS 17 ¢ PASSAIC « PHILADELPHIA3 « PITTSBURGH 22 « SAN FRANCISCO 5 « SEATTLE 4 « PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics « Asbestos Textiles « Mechanical Packings ¢ Industrial Rubber « Sintered Metal Products « Rubber Covered Equipment 
Abrasive and Diamond Wheels « Brake Linings « Brake Blocks e Clutch Facings « Laundry Pads and Covers « Industrial Adhesives « Bowling Balls 
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MONRO-MATIC SHOCK MONROE AIR-0-STEER DIRECT ACTION POWER 
Power steering for air- STEERING—The only 
equipped trucks, buses. truly direct-action Power 
Installed in 2 hours. Steering units available. 


E-Z RIDE SEATS—Stand- MOLDED RUBBER PROD- 
ard on more tractors UCTS — Precision-built g 
than all other seats of _ for all automotive and © ; 


MONROE AUTO EQUIPMENT COMPANY 
Monroe, Michigan—World’s Largest Maker of Ride Control Products 


In Canada + Monroe-Acme, Lid., Toronto 
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New Members Qualified 


Continued 


Kjell, Jr. (J). 


Southern California Section 

Bennie L. Arce (J), J. D. Birdwell 
(J), Louis C. Brownlee, Jr. (J), Jacob 
E. Jackson (A), George R. Noble (J), 
H. Linden Orgill (A), W. D. Rothell 
(A), 


Southern New England Section 


Edward Payson Bullard III (M), 
Lovic Pierce Herrington (M). 


Syracuse Section 
Maurice L. Swartz (J). 


Texas Section 


W. M. Bludworth (A), Beauford D. 
Haynes (A). 


Texas Gulf Coast Section 
B. C. Dial (M), Edison D. Jeffus (M). 


Virginia Section 
Arthur Otto Church (A). 


Western Michigan Section 
James Ronald Doe (J). 


Outside Section Territory 


Albert L. Arbach (J), Richard Allen 
Partin (J), William E. Partridge (M), 
Elmer Robert Rathgeb (A), Ralph E. 
Siegel (M), F. Marshall Van Campen 
(M). 


Foreign 


R. S. Bahadur (M), India; Pieter 
Bruijn (M), Netherlands; Donald J. 
Kohsiek (M), Switzerland; B. L. Ma- 
heshwari (M), India; John Frederick 
Moon (A), England; Om. Prakash Nij- 
hawan (M), India; Herbert Paul Percy 
Teske (M), Western Australia; Wil- 
liam Kelsey Walters (M), Syria. 


Applications Received 


The applications for membership re- 
ceived between January 10, 1958 and 
February 10, 1958 are listed below. 


Atlanta Section 
LeVern Lewis Robertson. 


Alberta Group 

Jack Leslie Wilson. 
Baltimore Section 

John Donnell Fraser. 
British Columbia Section 

Douglas Ian Watson. 
Buffalo Section 

Donald Earl Mastin. 


Canadian Section 


Maurice Bernard Chell, William Ed- 
ward Ecclestone, Murray C. Johnston, 


Continued on page 127 
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MIDLAND 


WELDING NUTS 


The Midland Steel Products Company is constantly de- 
veloping new, progressive ideas to improve the efficiency 
of its fine products. It pioneered the Midland Welding 
Nut, for example, and so successful was this application 
in its own shops that this labor-saving device has been 
made available to others. 


If you are a manufacturer of metal parts or products 
and have fastening, fabricating or assembling problems, 
you may find Midland Welding Nuts just the solution 
you’ve been looking for. ‘fhe Nuts are easily welded 
into position for the lifetime of the product. You can 
be assured of correct fit, even in the most awkward, 
hard-to-reach places. Bolts turn easily into the applied 
nuts. Thus, heretofore two-man operations can be handled 
by one man in most instances. Weld-nut equipped parts 
will be preferred by your customers for they will find 
them cost-saving and trouble-free, cutting down assembly 
time. Too, you can be sure that your parts will be prop- 
erly assembled without the risk of rattles. 


A few minutes’ time in checking the assembly problems 
of your customers will be profitable to you. Midland 
Welding Nuts are low in cost, can give you a definite 
advantage over competition. This practical application 
is recognized internationally and endorsed by many 
designers of the finest products. 


MIDLAND-ROSS 
ee et 


1e) 





Geared by FULLER 
415 durable Fuller Transmissions 
cut Motor Cargo’s maintenance costs 


“The 415 Fuller 5-speed 5-A-43 
Transmissions in our fleet give a long 
useful life of approximately 325,000 
miles in 3 years, before we put them 
on city pick-up work for another 3 
years. Maintenance cost is extremely 
low,” says Joseph B. Boynton, Super- 
intendent of Equipment and Garages 
for Motor Cargo, Inc., Akron, Ohio. 

Fuller Transmissions provide not 
only long and satisfactory service but 
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also they help pull the payloads 
through on schedule. Right gear ra- 
tios, smoother shifting, faster trip 
time, longer engine life . . . add up 
to greater profits for Fuller Trans- 
mission users. 

Ask your truck dealer now for full 
details on the most efficient, easiest- 
shifting Fuller Transmission . . . de- 
signed with your specific job and 
equipment in mind. 


Above: Motor Cargo rig—International Tractor 
is equipped with 5-A-43 Fuller Transmission. 


_ RA ANSMI ssio us 
FuLiMD APNE TENNES C0. Tecetecien Shien » alin 
Galt Drop Forge Div., Milwaukee |, Wis. + Shuler Axie Co., Louisville, 


oor Sales & Service, All Products, West. Dist. Branch, 
Oakland 6, Cal. and Southwest. Dist. Office, Tulsa 3, Okla. 
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Applications Received 


Continued 


ert D. Wallace, Frank Whitaker. 





Central Illinois Section 


Frederic P. Emery, Walter I. Haupt, 
Henry M. Huffman, Richard A. Mad- 
sen, Enrique Pablo Sasse. 







Chicago Section 


Merton Juel Bangerter, John Warren 
Creighton, Gustave A. Limbach, Ed- 
ward M. Platts, Stanley James Roush, 
John H. Swats. 


Cincinnati Section 
L. Joseph Herrig, Richard J. Smith. 








Cleveland Section 


Gerald J. Bambousek, Loren F. Ber- 
geron, Donald A. Clendenen, Jeremy W. 
Gorman, Robert S. Klang, William G. 
Lesso, Roderick N. MacLeod, Olov 
Modig, Ralph H. Nellis, Jr., Donovan 
B. True, Rudy J. Turner, Jan Uytter- 
linde, E. Henry Zidd. 





Colorado Group 

Carl J. Erickson, Thomas Macaluso, 
James H. McKindley. 
Dayton Section 


Vincent P. Blair, William Frederick 
Schmitz, Lewis W. Terhune, James E. 
Whelan. 





Detroit Section 


George S. Alexander. Remy J. Alle- 
mann, Burton Kelsey Arbuckle, Donald 
Bach, Charles Ethan Beck, Richard 
Alan Beyer, Terence J. Clancy, E. T. 
Clifford, Thomas P. Cote, Robert W. 
Denning, Paul William Dullabaum, 
Robert Don Freck, Saul Freedman, 
Borton Garfield, Oscar C. Gerkin, 
Joseph C. Grum, Paul Hostetter, John 
R. Hunsberter, Letcher B. Hunt, Jr., 
Peter Ilitch, Lawrence Otto Imber, 
Robert H. Johnson, H. George Jonas, 
Ned P. Kimberly, John S. King, Jack 
C. Kleberg, Robert H. Kushler, William 
F. Leonard, Cornell Mann, James L. 
Martin, Henry F. McKenney, John H. 
McLeod, Jr., Paul Stuart Meyer, Walter 
H. Morris, Kenneth Robert Morrison, 
Walter Fred Nows, John A. Olsen, 
Joseph E. Palazzolo, Louis L. Pallin, 
Gerald A. Schley, Richard E. Sears, 
Earl R. Sleek, Donald M. Spath, Alan 
R. Symonds, Waclaw Tarnowski, Curtis 
R. ter Kuile, Ashod Torosian, Joseph 
A. Vettel, Sr., Ernest H. Wagner, John 
K. Winters, Thomas E. Zimmerman, 
Walter H. Zimmerman. 


























Hawaii Section 
Douglas Craddick, Edwin Sorenson. 

Indiana Section 

Virgil Leslie Kuykendell, Jr. 

Kansas City Section 


Roy G. Horridge, Jr. 
Continued on page 128 
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Archibald A. Kerr. Gordon Mason, C. 
R. McMillen, Alvin L. McMullen, Rob- 


409 N. FAIR OAKS AVENUE, PASADENA, CALIFORNIA 
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MODEL 3 


THE MOSELEY 


AUTOGRAF 


trade mark 
X-Y-@ RECORDER 


Hundreds of users of the Moseley AUTOGRAF, already familiar with the many 
advantages of this graphic recording instrument, will be pleased with the devel- 
opment of a new concept in versatility, the X-Y-@ Recorder. The AUTOGRAF 
X-Y-@ Recorder continues to offer the rugged construction, high accuracy, and 
stability of a laboratory instrument with the added feature of a built-in time base 
or sweep circuit. Without external attachments, the AUTOGRAF X-Y- @ Recorder 
will plot versus time any mechanical or physical function which can be reduced 
to electrical form. Available at finger-tip control are five calibrated time intervals 
from 5 seconds to 500 seconds for full scale X-axis pen travel. When the time 
base is not used, regular two-variable plotting may be accomplished as desired. 
Contact your regional representative or write for full information on this remark- 
able new instrument. Available in all models, bench or rack mounting. 


Model 20 DC Voitmeter A servo- Mode! 60 Logarithmic Converter 

actuated electronic voltmeter with 60 db dynamic range; AC or DC; 

large, easy to read linear scale. 20-20,000 cps; with AUTOGRAF and 

Ranges from 3 millivolts to 300 appropriate signal generator auto- 

volts. Available with digital output. matically plots gain-frequency 
characteristics. 


F.L. MOSELEY CoO. 





Applications Received 


Continued 


Metropolitan Section 


Alfred Hovey Davidoff, Jr., Carl Lof- 
tin Dellinger, Anthony Drabicki, Alfred 
Garawitz, Clarence T. Kendall, Walter 
J. Knies, Leon V. Kouyoumjian, Jr., 
John C. Lennartz, Herbert James Lin- 
denbaum, George T. Monaghan, Edgar 
Wendell Nielsen, Walter A. Platt, Eu- 
gene Rocco Roschilla, William J. Sca- 
vuzzo, Barret Towles Schleicher, Harry 
Louis Settino, Jr., Martin I. Silberg, 


Rocco P. Vallone, Theodore B. Wasser- 
bach, Clifford G. Waterbury. 


QBOECGGORO 


MORLIFE> 
CLUTCHES 


Mid-Michigan Section 
North F. Carey, Forrest O. E. Schultz. 


Milwaukee Section 


Anthony Charles DeMatthew, Glenn 
C. Erdmann, Donn B. Furlong, Robert 
A. Olen, Harold W. Ott, Edward J. Ret- 
zinger, Walter E. Rheault, John Harry 
Sproule, Robert L. Stott, John E. Wil- 
liams. 


Montreal Section 


J. G. Brown, William Alfred James 
Bryan, Arch G. Currie, Maurice J. Frie- 
sen, Robert Courtland Penk. 


New England Section 
John S. Allopenna, Roy W. Barhydt, 


Multiple Disc 


Keep Heavy-Duty Machines 


400% More Hours ON the Job 


Heavy Duty 
Over Center 


90% Less Time IN the Shop 


MORLIFE clutches serve from four to ten times longer than 
previous types of friction clutches using organic facing materials. 
Adjustments and plate replacements have been reduced to one- 
tenth those required by previous clutches. The longer on-the-job 
hours and increased pay loads which MORLIFE clutches make 
possible furnish a competitive advantage for machines in which 
these NEW clutches are used. Increased clutch life results in 
decreased operation cost of vehicles or equipment. 


Mc: FOR THIS HANDY ed complete 


Gives dimensions, capacity tables and complete /== 
specifications. Suggests typical applications. 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine St., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Hil. 


GGOLCE0C69E 
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Speed 
Reducers 


George A. Lopes, Francis T. McCarthy. 


Northern California Section 


Daniel O. Cozzi, Paul G. Gordon, 
James F. Kenley, Bruce Colin Linde- 
man, Sr., Peter R. McKenzie, Orville D. 
Page, Louis C. Rodriguez, Arthur I. 
Winston. 


Northwest Section 


James E. Murphy, Nels H. Smedberg, 
Billy Gene Taylor. 


Oregon Section 
William J. Wall. 


Philadelphia Section 

Donald G. Albasi, Everett G. Harvey, 
Tom Carlton Law, Ralph W. E. Leiter, 
Alfred M. Loeb. 
Pittsburgh Section 

Victor G. Erhart, Jr., Charles A. Hor- 
nell, Jr., George A. Roberts, Carl N. 
Schrader, Daniel P. Shedd. 
St. Louis Section 

Jack D. Dudley, Marion L. Rensink. 


San Diego Section 
William P. Sloan. 


Southern California Section 


Carmon M. Auble, John Burt, Henry 
Cohen, Richard H. Collier, David Wade 
Linder, Edward Wayne McKean, Louis 
Robert Smith, Theodore Louis Tom- 
aszewski. 


Southern New England Section 
Stephen P. Cuff, H. Perry Smith. 


Spokane-Intermountain Section 
Vincent A. Lundgren. 


Texas Section 

George A. Busso, Robert H. Free, 
A. L. Lockhart, Jr., Ed H. Muehlause. 
Texas Gulf Coast Section 

James B. Turner. 


Twin City Section 


Archer W. Brown, E. W. Nelson, Paul 
Stockman, George Lee Wilcoxen. 


Virginia Section 
Roger P. Baird, Jr. 


Western Michigan Section 


William C. Holmgren, William G. 
Jacobitz, C. A. Sorensen. 


Wichita Section 
Gerald O. Deneau, Fred Ricketts. 


Outside of Section Territory 


Walter Bates, Norman H. Camp, Ed- 
ward O. Jones, Jr., William Earl Shane- 
berger. 


Foreign 


Burley Francis Caunt, England; 
George Court, Brazil; Major Moham- 
med Asim Mirza, India; Marion Parks, 
Puerto Rico; S. D. Sabharwal, India; 
Lawrence Smurthwaite, England; 
Henry George Webster, England; Her- 
mann Barth, Germany. 
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NEW. 


Tachometer Take-Off 


VEEDER-ROOT 


Rev-Counters 


With this new attachment, Veeder-Root 
Rev-Counters can be installed on any engine 
having a tachometer take-off in a position which 
is readily accessible for easy reading. Take-off can 
be furnished to suit average engine-speed. 
So now you can make it easier than ever for 
your customers to see that your product is 
performing up to its guarantee . . . to see when 
routine maintenance is coming due, and 
whether servicing is needed. 
You can count on Veeder-Root to figure out 
how to engineer these adaptable Rev-Counters Ad . D é R . 0 0 T 
into your products . . . not only engines, INCORPORATED 


but generators, compressors, heaters, bs HARTFORD 2 


; 2 CONNECTICUT 
refrigerators, and what have you? Write: 
New York 19, N. Y. 
Greenville, S.C. « Chicago 6, Ill. 
Montreal 2, Canada 
Offices and Agents in Principal Cities 
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Prongs snap into 
punched or drilled hole 


~ ae \ 


CUSTOM-DESIGNED AND MASS PRODUCED 
TO YOUR PARTICULAR REQUIREMENTS 


Dot plug buttons were originally used in auto- 
mobiles to fill spaces on standard models which, 
on de luxe models would be occupied by such 
extras as cigarette lighters, radio controls and so 
on. They are now also widely used as lenses 
for indicator lights and as identification buttons 
on instrument and control panels of all kinds. 


Availableinclear or colored plastics... brassor steel 
in all standard finishes ...embossed and enamel- 
filled or molded to show company insignia or other 
identification symbols ... Dot plug buttons snap 
into place and stay where they’re put even under 
conditions of extreme vibration. Yet they can be 
removed and replaced repeatedly without damage. 


CARR FASTENER COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 31 Ames Street, Cambridge 42, Massachusetts 


MAKERS OF 


FASTENERS 
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AIR BRAKE COMPONENTS 


help increase safety and reduce truck operating costs 


How do your brake systems rate? Wagner Air Brake Sys- 
tems and components can help make your vehicles safer 
to operate, reduce “down time” and truck operating 
costs, build customer satisfaction. 


Wagner offers a complete line of original equipment for 
air brakes and control systems. It includes rotary air 
compressors, brake application valves, vehicle protection 
valves, brake actuating units, moisture ejection valves, 
warning devices, air tanks, tractor-trailer hose couplers, 


FOOT OPERATED 


ROTARY AIR COMPRESSORS are avail- 
able in either 9 or 12 C. F. M. capacity. 
These Wagner Compressors have fast air 
recovery to assure an adequate supply of 
air pressure at all times. Rotary motion 
reduces vibration. Oil separation and 
cooling before air is discharged reduces 
temperature and prevents carbon 


formation. brakes. 


TRACTOR PROTECTION and EMER- 
GENCY BRAKE VALVES constitute a 
combination of two valves installed on 
the tractor. The emergency brake valve 
is a manual triggering unit for emergency 
braking the trailer and for actuating the 
tractor protection valve. The protection 
valve seals the tractor air lines. 


te 


MOISTURE EJECTION VALVE is fully 
automatic, operating in the 15-25 psi 
pressure range. Normal brake applica- 
tions operate the valve, keeping reservoir 
clean and moisture-free. Expulsions oc- 
cur without a notable drop in gauge 
pressure. Prevents accumulation of 
moisture or sludge in air tank. 


air line hoses and air line connectors. 


Wagner Air Brakes are the product of more than thirty- 
five years of brake engineering experience—gained in the 
designing and building of brake systems and brake parts 
for the automotive industry. When you equip the heavy- 
duty vehicles you manufacture with Wagner Air Brakes, 
you are adding safety and low-maintenance features that 
build customer acceptance. 


BRAKE APPLICATION VALVE, 
of the high capacity type, provides the 
driver with control of the vehicle brakes. 
It meters applied braking pressure in 
proportion to foot pressure exerted 
against brake pedal or treadle. The 
Wagner line also includes a HAND 
OPERATED APPLICATION VALVE. It 


provides independent control of trailer 


RELAY QUICK-RELEASE VALVE controls 
the brakes on specific axles, acting in 
unison with the driver-controlled appli- 
cation valve. It automatically meters 
pressure directly from tank, speeding 
normal brake application and release. 
The relay valve is particularly suitable 
for the rear axles of long wheelbase 
vehicles. 


LOW PRESSURE INDICATOR —buzzer 
or lamp—warns the driver of air braked 
vehicle if air pressure is below the safe 
driving range. In use, the warning circuit 
is controlled by a pneumatic switch 
which also is connected to the pressure 
side of the air brake system. Unit auto- 
matically closes the circuit if pressure 
drops below predetermined value. 


Wagner Air Brake Systems and Air Brake Components for trucks, tractors, trailers, buses, and off-the-road 
equipment are fully described in CATALOG KU-201. Write today for your free copy. 


Wagner Electric Corporation 6378 Plymouth Avenue, St. Louis 14, Missouri, U.S. A., (Branches in principal cities in U. S. and in Canada) 


LOCKHEED HYDRAULIC BRAKE PARTS, FLUID and BRAKE LINING © AIR HORNS © AIR BRAKES * TACHOGRAPHS © ELECTRIC MOTORS * TRANSFORMERS © INDUSTRIAL BRAKES 
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How “Over-pressure” Causes Carburetor Flooding 


The term “Flooding” 
condition within the carburetor. 
that the fuel rises above the high limit level or float 
adjustment as specified by the manufacturer. 
gasoline spills over the main nozzle into the manifold, it 
produces a rich air-fuel ratio. This results in hard start- 
ing, rough idling, poor engine performance and fuel 


NEEDLE 
SPECIFIED 
LEVEL 


NEEDLE 
SPECIFIED 
LEVEL 


a 


NEEDLE 


SPECIFIED 
LEVEL 


U.S. PATENT NO. 2,707,051 
OTHER PATENTS PENDING 


Oo PREVENTS CARBURETOR 


FILT-O-REG provides a constant, unrestricted even fuel 
pressure on the carburetor float valve and seat...main- 
taining the proper float level under all driving condi- 
tions. It makes any engine perform better because it 
feeds the full and required volume of filtered fuel to the 
carburetor at minimum pressure for correct air-fuel 
mixture under all speeds and load conditions. FILT-O- 
REG requires no adjustment of original manufacturers 
factory specifications. 


is used to describe a fuel slop-over 
This occurs any time 


As the raw 


waste. The purpose of the Fuel Pump is to supply fuel as 
it is demanded by the carburetor. The opening and clos- 
ing of the needle valve is controlled by the level of the 
fuel in the float chamber and the float buoyancy. As the 
float drops...the needle valve moves away from the seat. 
As the float rises, it closes the valve and shuts off the 


fuel supply. 
FIG. 1 


AS THE ENGINE DRAWS FUEL FROM THE CAR- 
BURETOR THE FUEL LEVEL LOWERS SLIGHTLY. 
FLOAT IS DOWN... NEEDLE VALVE OPEN. 


Change in fuel level is slightly exaggerated for purpose of illustration. 


nie 


FUEL RISES TO SPECIFIED LEVEL AS CARBURE- 
TOR RECEIVES REQUIRED VOLUME. NEEDLE 
VALVE CLOSES AND MOMENTARILY SHUTS OFF 
FUEL FROM PUMP. 


a 


HIGH FUEL PUMP PRESSURES (necessary in order 
to deliver the required volume) PUSH HARD 
AGAINST THE NEEDLE VALVE. ALSO, FLOAT 
BOBS UP AND DOWN ON WAVES CAUSED BY 
ROAD SHOCKS. FLOAT DOES NOT ALWAYS 
HOLD VALVE TIGHTLY IN SEAT UNDER THESE 


HIGHER OVER-PRESSURES. MORE UNWANTED 
FUEL 1S PUSHED PAST THE DELICATE NEEDLE 
VALVE THAN AT LOWER, MORE EFFICIENT 
PRESSURES CAUSING A VERY RICH AIR-FUEL 
RATIO RESULTING IN FLOODING, STALLING, 
SURGING AND (IN MANY CASES) EXCESSIVE 
FUEL CONSUMPTION. 


FLOODING FROM ‘“‘OVER-PRESSURE”’ 


MAKE THIS TEST! Many carburetors have a plugged 
porthole on the side of the float chamber. Remove this 
plug. Observe position of float and watch its action with 
motor running at various speeds. NOW, install FILT- 
O-REG and note how FILT-O-REG has lowered the float 
shut-off level and stabilized its action. Here’s proof posi- 
tive of FILT-O-REG’s effectiveness in eliminating this 
fuel system over-pressure problem. 


MAKES GASOLINE ENGINES RUN BETTER! 


SEND TODAY for illustrated catalog and technical bulletins on the complete FILT-O-REG line for every engine requirement. 


ORIGINAL EQUIPMENT DIVISION — ALONDRA, INC. + 1742 West 106th Street + Chicago 43, Illinois 
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TONS OF CARGO FLOAT ON AIR 


with new Clark Air Suspension System 


for highway semi-trailers 


Damage to fragile highway cargo or empty 
trailers in transit can now be virtually elim- 
inated. Key is Clark Air Suspension. In this 
new system, doughnut-shaped “‘air-springs” 
carry full weight of trailer and cargo. A 
gentle cushion of air absorbs road shock, 
literally ‘floats’ cargo and trailer over the 
bumps with a ride approaching passenger 
car softness. Empty, for example, a Clark 
Air-Suspended trailer develops a spring fre- 
quency of only 95 cycles per minute; loaded, 
only 89 cycles per minute. 

Lateral roll and sway are minimized by an 
ingenious system of pivoted torque arms 
and torsion bars which take the full force of 
side loads and absorb torsion resulting from 
brake torque. Trailer loads need no longer 
be precisely balanced. Offset loading is ac- 


commodated by a system of automatic air 
valving, which feeds and bleeds the air 
springs to keep the trailer bed level at all 
times. When loading or unloading trailer, 
air reservoirs automatically adjust to support 
bed at normal running height. 

A safety pressure regulator valve, on the 
line leading from the truck’s compressor, is 
designed to shut off at 60 psi...leaving ample 
air pressure for the service brake system. 

Clark Air Suspension assemblies come as 
complete packages, ready for installation on 
new or in-use semis, in single and tandem 
units. Other advantages include lower trailer 
maintenance costs and substantial weight 
reduction possibilities for trailer 
manufacturers. 


FOR YOUR READING RACK 


NEW AUTOMOTIVE BOOKLET 


Dramatic portrayal, in 24 pages, of Clark’s 
basic line of automotive components. In- 
cludes illustrations of the Clark constant 
mesh and synchronized transmissions, 
TransVerter, StepMatic, power-shift 
transmissions, torque converters, agricul- 
tural units; also automotive driving and 
steering axles; planetary, industrial and 
trailer axles ; air suspension assemblies ; rear 
axle housings and electric steel castings. 
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CLARK FULL-LINE BOOKLET 


A 48-page, full-color booklet in handy 
pocket size is your condensed guide to the 
entire product line of Clark Equipment 
Company. Automotive components, ma- 
terials-handling equipment, construction 
machinery—all are described in concise 
detail. Basic information on the eight Clark 
plants and brief insight into corporate phi- 
losophy make this booklet a “must” for 
your reading rack. 


eS 


EQUIPMENT 


NEW POWER TRAIN 
DESIGNED FOR 
STOP & GO OPERATION 


Designed specifically for off-highway and 
stop-go operations, Clark Equipment Com- 
pany’s new TransVerter is ideal for such 
equipment as house-to-house delivery trucks, 
buses, garbage trucks and various types of 
construction machinery. Rated for engine 
torque output up to 325 lb-ft, the Trans- 
Verter power train package consists of a 
torque converter, hydraulic disconnect clutch 
and standard transmission. Because of its 
compactness—only 8 inches longer than a 
conventional transmission and clutch—the 
TransVerter can often be installed by the 
Original equipment manufacturer without 
major re-design of his line. 

Operational advantages of the new Clark 
power train include elimination of engine 
stalling and lugging . . . sharp reduction in 
gear shifting, to the point where most work 
can be performed in the same gear . . . fine 
inching control, simply by working the 
throttle. Provision is made for SAE power- 


TORQUE 


POWER TAKE OFF LOCATION 


take-off attachments, to be driven by the 
torque converter. The hydraulic disconnect 
clutch is an off-on type unit that does not 
require “‘letting in” or “‘easing.”’ A variety of 
clutch releases can be provided, including a 
shift lever button or a conventional-looking 
pedal raised slightly from the floorboard. 


For Further Information 


... and full details on any of Clark’s auto- 
motive components, simply address a card 
or a call to: 


CLARK EQUIPMENT COMPANY 


AUTOMOTIVE DIVISION 


Buchanan or Jackson, Michigan 


TransVerter and StepMatic are trade-marks of 
Clark Equipment Company 





How a change in spring design 
can reduce cost and improve 
performance. 


FIRST DESIGN 


In the original conception of this switch 
retaining spring, an extension spring 
was formed into a garter spring by in- 
serting a small plug in the form of a 
spring into the two ends. Assembly op- 
eration proved difficult and costly. 


N 
MMIWSS 


In the redesigned spring, one end is re- 
duced in diameter and inserted into 
other end, eliminating the spring plug 
and providing stronger unit. 


Early consultation with our spring spe- 
cialists, following the determination of 
fundamental performance characteris- 
tics, is often insurance against unneces- 
sarily complicated manufacture. Write 
for pamphlet ‘‘How to solve your spring 
problems.” Gives case histories and 
valuable design considerations for vari- 
ous types of springs. 


Associated Spring Cor por ation General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. Raymond Manufacturing Division, Corry, Penna. William D. Gibson Division, Chicago 14, Ill. 
B-G-R Division, Plymouth and Ann Arbor, Mich. Ohio Division, Dayton, Ohio Milwaukee Division, Milwaukee, Wis. 
Seaboard Pacific Division, Gardena, Calif. F. N. Manross and Sons Division, Bristol, Conn. Dunbar Brothers Division, Bristol, Conn. 
Cleveland Sales Office, Cleveland, Ohio San Francisco Sales Office, Saratoga, Calif. Wallace Barnes Steel Division, Bristol, Conn. 
Canadian Subsidiary: The Wallace Barnes Co., Ltd., Hamilton, Ontario and Montreal, Quebec 5807 © 1958 ASSOCIATED SPRING CORPORATION 
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Tung-Sol 12-Volt Remote-Reset 
Circuit Breakers 


Positive “Lock Open” Action gives 
complete protection against: 


BURNED-OUT ACCESSORY MOTORS AND WIRING 
PERMANENT BREAKER DAMAGE 
RUN-DOWN BATTERIES 


The Tung-Sol remote-reset type circuit break- 
ers lock open, instead of continuing to pulsate, 
when the circuit is overloaded or shorted. When 
the cause of the overload or short is removed, 
the breaker is then remotely reset. It re- 
activates the circuit within 30 seconds. 


Standard Mounting Brackets 


Available in 6, 10, 15, 20, 30 and 40 amp. 
ratings, in a choice of two mounting brackets, 
Tung-Sol Remote-Reset Circuit Breakers are 
used in a wide variety of automotive applica- 
tions. For further information write Engineer- 
ing Department. 


METHOD OF OPERATION 


ge MEATER COIL 
BIMETAL STRIP 


—¢ 


CLOSED CONTACTS 


Fig. A 


NORMAL CONDITIONS 


When circuit conditions are normal, the current flows 
thru the strip which is attached across breaker studs. 
When contacts are closed, the heater coil is short 
circuited and has no heating effect. (Fig. A). 


HEATER COIL 


pate 


OPEN CONTACTS 


BIMETAL STRIP 


Fig. B 


EMERGENCY CONDITIONS 


When a short circuit or overload occurs, the in- 
creased current causes strip to bend away from con- 
tacts. (Fig. B). When the contacts part, the coil is 
automatically inserted in the circuit. 


ELECTROSWITCH DIVISION (ts) runc-sor ELECTRIC INC., NEWARK 4, N. J. 


SALES OFFICES: ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY, CALIF.; DALLAS, TEXAS; DENVER, COLO.; DETROIT, MICH; 
IRVINGTON, N. J.; MELROSE PARK, ILL.; NEWARK, N. J.; PHILADELPHIA, PA.; SEATTLE, WASH. CANADA: MONTREAL, P. Q. 
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BLOOD BROTHERS Universal Joints 


“get the power through” to make 
our highways come sooner... 


CATERPILLAR 


It’s a rough, tough, shock-and-strain life for the average ‘dozer and 
loader. But machines like these are ready for it. Part by part, they've 
had long life engineered right in from the start. 

Blood Brothers Universal Joints, for example, are one of the rugged, 
dependable components you'll find . . . selected for their field-proved 
ability to withstand punishment. 

On these machines—and many other kinds of road-building equipment 
—Blood Brothers Universal Joints ‘‘get the power through"’ depend- 
ably. It’s one of their vital functions to help make our highways 
come sooner. 

If you build heavy-duty equipment, write for Bulletin 557—or call 
on our engineers for suggestions. 


ROCKWELL ROCKWELL SPRING AND AXLE CO. UNIVERSAL JOINTS 
AND DRIVE LINE 


ASSEMBLIES 


SWA Blood Brothers Machine Division 


ALLEGAN, MICHIGAN 


©1958, Blood Brothers Machine Div 
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Here are a few process and product examples that 
demonstrate why Reynolds Aluminum is the most adaptable 
metal to high-production, low cost automation techniques 


















PRODUCTS 


PROCESSES 













Reynolds Aluminum Strip Conductors 
have a tremendous automation potential 
because nothing is easier to automate 
than tapes. Reynolds Aluminum Strip 


Aluminum die-castings can be produced 
in automatic equipment at very high 
rates of speed. Very close tolerances can 
be held even when casting intricate de- 
signs. A current automatic transmission Conductors are available either anodized 
housing is probably the most dramatic | or interleaved. Both types offer advan- 
die-casting being produced today. It in- | tages of increased electrical performance, 
corporates three functions—a torque converter lower costs and better availability. Potential auto- 
housing, a transmission housing and valve body | motive uses for Reynolds Aluminum Strip Conduc- 
components. Since they are cast as an assembly, tors are coils, cables, wiring harnesses and other 
the die-casting process assists automation because it | applications. 

does away with the need for machining operations* 
required for proper alignment when assembling 
individual castings. Fewer operations reduce the 

cost and difficulty of mechanically fabricating 
parts. Die-castings are the most direct route from 

the ore in the ground to the completed part. 

NOTE: *Aluminum alloys are available that can be 
machined at high speeds and feeds with a low rate of 

tool wear—another way aluminum aids in automation. 
















Reynolds Aluminum Tubed Sheet, 
performance-proved in refrigerator evap- 
orators, is another Reynolds developed 
product that offers a low cost means of 
mechanized fabrication. Since it is basi- 
cally discrete welding over large flat 
surfaces and is done in rolls with pat- 
terns actually printed on treated aluminum sheet, 
it is a material that can be easily and automatically 



















Impact extrusions represent another handled in production. With a simple forming and 

direct route from ore in the ground to kind of “‘poofing’’ it will generate a complex fin- 
fabricated items. Present day technology ished product. Reynolds Tubed Sheet offers the 
permits the extrusion of a hot cast slug advantages of “‘built-in’’ heat transfer passageways 
in a low cost die into a wrought product for gas or liquid right in the sheet. 






of complex shape with good physical 
properties—all in a single press motion. 
While traditional shapes have been tubular—such 
as the spark plug tube, the reverse servo piston and 
transmission reaction shaft — parts containing 
flanges have also been recently designed and tested. 
These parts resemble traditional forgings except 
that they have zero draft. 








Reynolds Aluminum Bright Sheet of- 
fers an outstanding mechanization po- 
tential that is different from mild steel 
sheet because aluminum sheet is avail- 
0 . able in a roll-brightened form. For ex- 

Good surface finish, low tooling cost, short lead ample, bumper and other decorative 
time, consistent high quality and high production trim stamped from aluminum sheet offer 
rates are definite advantages of aluminum parts definite savings in finishing costs. Typical chrome 
produced by the impact extrusion process. plating processes are more elaborate and consider- 
ably more expensive than the simple anodizing 
processes used on aluminum. 

























Hot extrusion of aluminum components 
is another fabricating process that lends 
itself to automation techniques. Here 








again, tool costs are extremely low and & These examples point out just a few of the mechani- 
a — —— of dies “—— — on a zation potentials of aluminum—process-wise and 
ee ee product-wise. To learn more about aluminum prod- 







again assist in mechanizing metal fabri- 









cation by providing a high degree of design com- ucts and how aluminum can be fabricated in fewer 
plexity in a low cost die to minimize forming and { steps and at higher rates of speeds than competing 
assembly costs. Automotive aluminum extrusions | materials, consult Reynolds Aluminum Specialists. 
have replaced won castings and steel stamping in Their knowledge of aluminum combined with your 
varied applications. i : 5 
automotive know-how can add up to both important 






manufacturing economies and improved compo- 
nents. Contact your nearest Reynolds Office or 
Reynolds Metals Company, Fisher Building, Detroit 2, 
Michigan or Reynolds Metals Company, P.O. Box 1800- 
MX South Third Street, Louisville 1, Kentucky. 








The Finest Products 
Made with Aluminum 


7 


REYNOLDS G2 ALUMINUM 









Watch Reynolds All-Family Television Program R e yn O l ad sS A l u mm 1 nh u mm 


“DISNEYLAND”, ABC-TV. 
the meta/ for automation 


oeeeeeeeeeee 









For control system applications... 


acceleration 


switching 


SPECIFICATIONS: 


Electrical input 10 milli-amperes 
Operating pressure__200 to 4000 psi 
Rated flow. —..12 to 15 gpm 


New AiResearch Time Dwell 
Servo Valve overcomes performance and reliability 


limitations of present hydraulic control systems 


Acceleration switching is a new control technique Less than 5% null shift between —20°F 
which provides for positive control of spool velocity, and +700°F 

allowing the servo system engineer to achieve resolu- Infinite resolution 

tion, reliability and response previously unattainable. High spool control forces (= 100 pounds) 
Significant advantages include: at all signal levels 

¢ Unimpaired operation in contaminated oil High pressure gain (10 times linear valve) 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
iy: ; oO 
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“CP” VALUES; to test your “CP,’ 


My Present “CP”= 


at eae R 


"CP” VALUES 


Encouragement to Exercise Initiative 
& Creative Imagination 


Assignment (Nature of)—from Routine 
to Very Challenging 


Field — Conventional Product to Area 
where Technical Breakthroughs Ex- 
pected 


Modern Facilities —from Limited to 
Extensive Equipment for Testing and 
Research 


Salary —from Unsatisfactory to Excel- 
lent for Level of Work 


Benefits —from Limited to Best in In- 
dustry, including Encouragement to 
Join Professional Societies; Liberal 
ae for Graduate waned 


Increases — Primarily ie Seniority 
Rather than Merit. 


Your Individual Skill, Creativeness and 
Ability to Take Responsibility 


How Do You Evaluate 
the Career Potential (“CP” 


of a Position 


’ circle the value you’d give each 
symbol below, substitute, AND SOLVE. (Top value obtainable, 99.5) 





Please send your resume to 
Mr. George Hickman, Engineering Employment Manager 


SEE PEARSE AES AVAIATIEY 


FARMINGDALE, LONG ISLAND, NEW YORK 
ENGINEERS WHO JOIN REPUBLIC ENJOY THE PLUS VALUE OF LIVING AND WORKING ON LONG ISLAND, FAVORITE PLAYGROUND OF THE EAST COAST 





If your solution is 85 or less, it will be 
worth your while to inquire about the new 
opportunities in research and development 
now open at Republic Aviation. 


These are specialist positions — requiring 
men of high calibre and a strong background 
of experience for advanced work on super- 
sonic and upper atmosphere projects in air- 
craft, missiles and space vehicles. 


The Department Head in your field will 
personally study your resume. If he feels 
there is an opening here which will engage 
your interest and fit your qualifications, he 
will arrange for an interview. And provide 
you with specific information—with which to 
evaluate your Career Potential at Republic. 


CURRENT OPENINGS FOR SPECIALISTS 
(With 5 to 10 years experience) 
Engineers, AE, ME, EE; Physicists; 
Mathematicians, BS, MS, PhD to work in: 
Operations Analysis: Guidance Systems (IN) 
Reconnaissance Systems (Optics, IR) 
Heat Transfer +- Air Load Requirements 
Aerodynamics Development: Propulsion 
Equipment «+ Engine Air-iniet and Exhaust 
Air Conditioning & Auxiliary Equipment 
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VOLUME 
PROFITS 


through 


BETTER 
ACTUATION! 
























FREE / 





NEW 1958 ENGINEERING 7 LOW-COST STANDARD SIZES 
DATA BOOK 
and STANDARD ASSEMBLIES 36-page book is crammed with helpful facts on b/b Screw 
PRICE LIST Basic Operation « Applications e Advantages « Features 
Characteristics ¢ Technical Data « Standard Assemblies 
from world’s largest producer of Couplings Design Data e Engineering Assistance © Service. 
b/b screws and splines Make your volume products easier to produce, operate and 


sell with Saginaw b/b Rolled Thread Screws—they cost 
no more and are far more efficient than acme screws! 


Saginaw Steerina Gear Division, General Motors Corporation 
b/b Screw and Spline Operation, Dept. 4SAE, 
Saginaw, Michigan 


Please send 1958 engineering data book on Saginaw b/b Screws and 
Splines, and standard assemblies price list, to: 


NAME_ 














OI Adtran Sigidieereangtcategns UTE 


standard assembly 


| 
| 
| 
| 
| 
| 
a iielhtlaniinennictsicgticinansceentntnniemsisatitaat 
' 


CITY. _ZONE STATE 





SAGINAW STEERING GEAR DIV., GENERAL MOTORS CORP., SAGINAW, MICH. 
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7 reasons why BENDIX- 
can help give your trucks 


memes — “perceerege comncte egies ae . ~em = 





Preferred by most truckers 


It’s a fact that Bendix-Westinghouse Air Brakes house Air Brakes on your trucks mean that you 
are favored by more truck operators than are all are offering your customers the kind of braking 
other air brakes combined. Bendix-Westing- safety and dependability they want. 









Best performance record 


Every component part of the complete Bendix- | Westinghouse, you are offering the air brake 
Westinghouse Air Brake system has been proved __ that has by far the longest list of satisfied cus- 
for safe, reliable operation in billions of miles of tomers in the business. 

service. When you equip your trucks with Bendix- 






Service always nearby 


No matter where your customers are located, an vice parts mean that your customers’ Bendix- 
authorized Bendix-Westinghouse distributor is | Westinghouse equipment will always be kept in 
close at hand. His expert mechanics and his _top operating condition. 

complete stock of repair exchange units and ser- 






Factory operating and maintenance aids 


Bendix-Westinghouse distributors and users factory service schools, and technical literature 
receive many training aidsto help assuredepend- _are all utilized to assure dependable operation 
able service from Bendix-Westinghouse Air and low-cost maintenance of these brakes. 

Brakes. For example, motion pictures, field and 







Factory or field installed 


Bendix-Westinghouse Air Brakes are now avail- house field installation kits specifically engi- 
able either of these two convenient ways. Field _neered for the vehicle. And, of course, many of 
changeovers from other types of brakes aremade = your new vehicles can be ordered with factory- 
simple and easy by means of Bendix-Westing- _ installed Bendix-Westinghouse Air Brakes. 
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WESTINGHOUSE AIR BRAKES 
MORE SALES APPEAL! 


E 





TU-FLO compressors for every truck 


These outstanding compressors bring maximum _low and intermediate speeds where most required 
braking performance to all trucks, tractors, buses _. . . improved oil control . . . higher maximum 
and off-the-road equipment. They offer such fea- | speeds to match trends in engine design . . . no 
tures as lower discharge temperatures over the external moving parts . . . and many others. 

entire speed range . . . increased air delivery at 





AIR COOLED TU-FLO 300 AIR OR WATER COOLED TU-FLO 400 WATER COOLED TU-FLO 500 

















Top quality accessories 






INDEPENDENT TRAILER- 
CONTROL VALVE 





AIR HORNS COMBINED LIMITING AND 


TRACTOR PROTECTION 


VALVE Finest warning signal on the QUICK-RELEASE VALVE 

: Provides highly important ighway. Suitedtoeithercab- Dash-mounted control within 
ienpernenccaionnDaptoo tes independent trailer braking roof or under-hood installa- easy reach. Offers driver 
oe systems against loss © severe grades, ice, or tion. Comes in one compact choice of _full front-wheel 
of air pressure due to trailer under otherwise hazardous kit with optional hand or braking in “Dry Road” posi- 
break-away, leakage,orim- £0ad conditions. Minimizes foot control. tion or 50% front-wheel 
roperly connected hose jackknifing”. braking in “Slippery Road 
ines. New hand control position. 


valve located on instrument 
panel for easy operation. 


STOP LIGHT SWITCH 


Electro-pneumatic device that operates in 
conjunction with brake valve and stop light 
by completing electrical connection the 
instant brakes are applied. No mechanical 
connections. 











LOW PRESSURE INDICATOR 
Warns of md abnormal depletion of air. Buzzer or 


jewelled light notifies driver instantly when air 
pressure drops below normal. 


os 
Be te 4 bb : Y ‘ % a 
/ % 
AUTOMOTIVE AIR BRAKE COMPANY diy = 
General Offices and Factory: Elyria, Ohio + Branches: Berkeley, California, and Oklahoma City, Okla. 
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WHY DOUGLAS ENGINEERS AND SCIENTISTS GO FURTHER... 

At DOUGLAS, you'll work to expand the 
frontiers of knowledge in today's most 
advanced missiles program 


Po 
3 ; 

ns 

2. iad 


1. Nike 


2. Honest John 3. Sparrow 4. Thor IRBM 


5. Secret 6. Secret 7. Secret 8. Secret 


it's no secret that we're in the “missile business" to stay...with seventeen years 
behind us and an ever-expanding future ahead 


There can be no mightier challenge than to be 
assigned to any one of the major projects now 
under way in the Douglas Missiles Division. 
Some — like Nike and Honest John — have 
pioneered missile development. Others on which 
Douglas engineers are engaged are extending the 
horizons of present-day development...cannot be 
mentioned for reasons of national security. 74 


S 
GO FURTHER 


WITH IG, 


These are the projects that require engineers 
who are looking far beyond tomorrow. You will 
use all of your talents at Douglas and have the 
opportunity to expand them. Your only limita- 
tions will be of your own making. Douglas is an 
engineer’s company ...run by engineers. Make it 
your working home and build an important and 
rewarding future in your field. 


For complete information, write: 
E. C. KALIHER 
MISSILES ENGINEERING PERSONNEL MANAGER 
DOUGLAS AIRCRAFT COMPANY, BOX 520-0 
SANTA MONICA, CALIFORNIA 


FIRST IN MISSILES 


SAE JOURNAL, MARCH, 1958 





ANNOUNCING Co0l-Fack BY HARRISON 


Sensational new low-cost car and tuck AIR CONDITIONER 


Cool-Pack—the newest contribution to low-cost 
cooling comfort! And of course it’s from Harrison 
—makers of the famous Custom “under the 
hood” air conditioning systems for all General 
Motors cars. Cool-Pack fits snugly under the dash. 
It’s handsome, fast and efficient. Just a flick of 
the switch and Cool-Pack thoroughly reconditions 
—cleans, cools and dehumidifies—every bit of air 
in the car every 30 seconds. Cool-Pack is designed 
for the new Buick, Pontiac and Chevrolet cars— 
and most 1958 Chevrolet trucks. It’s another 
outstanding example of manufacturing 
craftsmanship, research and engineering from 
Harrison—makers of top-quality heat-control 


products for over 47 years. If you have a UTOMOTIVE AJR CONDITIONING 


cooling problem, look to Harrison for the answer. 


HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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the versatile 


DLM BRAKE 


offers greater flexibility... 
dependability! 


The revolutionary DLM brake will serve effec- 
tively with a variety of equipment. It has already 
proved its value as a control or parking brake, and 
is used in various sizes on trucks, busses, machin- 
ery, farm equipment, cranes, shovels, hoists, golf 
buggies, lift trucks. 

Highly Efficient! The DLM brake is basically a 
self-energizing two-shoe brake in which both shoes 
are more efficiently utilized to produce the same 
amount of work—give equal forward and reverse 


For every industrial, agricultural or automotive 
application where braking is required! 


HY moved... 


Timken-Detroit Brakes 
can stop it! 









4 





4 hx 


REED RLA SEE L EET S tiie 


torque output, regardless of drum rotation. 
Simpler! Only 8 parts, with interchangeable shoes 
and springs. Lubrication is not required. No inter- 
nal adjustment necessary. Enclosed design guards 
against entrance of foreign matter and requires 
only a minimum of maintenance. 

Lighter! More Payload Advantages! Improved 
Timken-Detroit design using lightweight fabri- 
cated steel shoes and brake supports saves many 
pounds over heavier, more costly brakes. 
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in A ac ic as Gs ta 


*® some of the more than 100 places where ENJAY BUTYL works, silently 
and dependably, helping to improve the performance of today’s new cars. 


ENJAY BUTYL-— fabulous all-weather rubber 
BOOSTS PERFORMANCE IN ’58 CARS 


Molded into more than 100 parts, this super-durable, all-weather rubber helps 
provide a steadier, softer, more silent ride under even the most strenuous condi- 
tions of stress, weather change, and abrasive action. The dependability of all 
these parts contributes to the outstanding performance of the modern car. 


Readily available in non-staining grades, Enjay Buty] rubber can be compounded 
into white and light-colored parts that combine beauty with top-notch perform- 
ance. Low in cost, it out-performs and out-lasts all other rubbers formerly used, and 
may well be able to cut costs and improve performance in your product. For further 
information, and for expert technical assistance, contact the Enjay Company. 


Ensay) Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N. Y. 
Akron Boston * Chicago * Detrc‘t + Los Angeles + New Orleans*+ Tulsa 
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BUTYL 


Enjay Butyl is the greatest rubber value 
in the world . . . the super-durable rubber 
with outstanding resistance to aging 
abrasion + tear + chipping + cracking « 
ozone and corona + chemicals + gases « 
heat + cold + sunlight + moisture. 
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with basic facts about alloy steels. Though much of the in- 
formation is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


" This is the twenty-sixth of a series of advertisements dealing 


Cold-Finishing of Alloy Steels: 
The Cold-Drawing of Bars 


Cold-finishing of alloy bars may be divided 
into two general categories: (1) cold- 
drawing, where the bars are pulled through 
a die with no surface removal; and (2) 
turning and grinding, which removes the 
surface. We shall consider the cold-drawing 
procedure in this discussion. 

Cold-drawing is the process of pulling a 
pickled and limed bar through a die, which 
results in a bright, smooth finish of the 
section, combined with close tolerances. 
The alloy bars are prepared for cold- 
drawing by pickling in a hot solution of 
dilute sulphuric acid for removal of scale. 
This is followed by a water rinse, and 
immersion in a hot lime-water bath to 
neutralize the effects of the acid, and to 
aid in carrying special liquid lubricants 
into the die. 

Alloy bars may be cold-drawn under 
four conditions: as-rolled, normalized (low- 
carbon grades only), annealed (lamellar or 
spheroidized), or quenched and tempered. 
These conditions are determined by the 
grade of alloy steel, the resultant hardness, 
and the mechanical properties desired for 
a given end use. 

In cold-drawing, the alloy bar is machine- 
pointed, to reduce the size at one end so it 
will pass easily into the die opening. Other- 
wise, the bar is pushed or extruded into 
the die by an auxiliary device. A die- 
holder, which can be made to contain from 
one to four dies, is mounted in an appro- 
priate head assembled across a “draw 
bench,” so that from one to four bars can 
be drawn at the same time. The draw 
bench has a bed which accommodates a 
4-wheel buggy with jaws that grip the 
pointed ends of the bars as they emerge 
from the dies. The buggy has a hook on 
one end which engages an endless chain, 


thus pulling the bars through the dies for 
their entire length. 

After cold-drawing, each bar feeds auto- 
matically into a straightening machine, 
and is sheared or ‘“‘cracker-cut”’ to length 
on appropriate machines. Saws are used 
when the cross-sections of the bars are too 
large to be cracked or sheared, or when 
clean square ends are required. 

Smaller sizes in the form of coils are 
drawn on “‘bull-blocks,”’ or ‘‘wire-blocks,”’ 
depending on sizes, followed by straight- 
ening and cutting on special machines. 

Specifications with respect to chemical 
composition, grain size, hardenability, and 
the like, of cold-drawn alloy steels have 
been given long study by Bethlehem 
metallurgists. If you would like suggestions 
on cold-drawn products, or any other 
problem concerning alloy steels, our metal- 
lurgists will be glad to give you all possible 
help, without cost or obligation on your 
part. 

In addition to manufacturing the entire 
range of AISI alloy steels, Bethlehem 
produces special analysis steels and the 
full range of carbon grades. 





If you would like reprints of this series of advertise- 
ments, please write to us, addressing your request 
to Publications Department, Bethlehem Steel 
Company, Bethlehem, Pa. The subjects in the 
series are now available in a handy 40-page book- 
| let, and we shall be glad to send you a free copy. 
ae 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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Why Choose 
menasco 
a 


CHIP’’ Customers 


Demand “BLU Specialists 


first in development, quality, delivery and service. 


in Aircraft Landing Gear 


MENASCO is justly proud to be closely associated with 
these great aircraft manufacturers. Their choice of 
MENasco Landing Gear reflects their conviction that 
they are the very best obtainable for all types of civil- 
ian and military aircraft. MENAsco Landing Gear is 
adaptable to every kind of installation. 

The preference for MENASCO Landing Gear to per- 
form the vital functions of takeoff and landing is 
based upon a number of reasons... the exclusive 
Uniwelding process assures greater strength... 
MENASCO designs utilize the most effective applica- 
tion of high strength steels, aluminum and titanium for 
lighter weight and compactness. MENASCO assures re- 
liability and ruggedness through the highest standards 
of quality control and thorough operational testing. 


SPECIALISTS IN AIRCRAFT LANDING GEAR 


menasco manufacturing company 


BURBANK, CALIFORNIA @e FORT WORTH, TEXAS 


SAE JOURNAL, MARCH, 1958 





It your 


HOSE LINES 


must cope with 
these conditions... 


HIGH PRESSURES 


REG. U. 5, PAT. OFF 


BETTER THINGS FOR BETTER LIVING 
e+e THROUGH CHEMISTRY 


SOLVENTS AND FUELS 


FLEXING AND VIBRATION 


you can solve design problems... 
get increased reliability with hose made of 


TEFLON TFE-fluorocarbon resins 


Hose lined with TerLon TFE-fluorocarbon resin is being specified for 

the toughest jobs, because: TFE resins are unaffected by any product 

used in motor vehicles, including fuels, anti-freezes and hydraulic 

fluids. They can take continuous operating temperatures up to 500°F.... remain 
tough and flexible in extreme cold. They have excellent endurance 

under severe conditions of flexing and vibration. Available with either 
permanent or reusable couplings. Install hose made with TFE-fluorocarbon 
resin, and forget it. 

For the facts on how hose lined with TFE-fluorocarbon resin can help you 
make a better automotive product, see your hose supplier or write to: 

E. I. du Pont de Nemours & Co. (Inc.), Room 2420, Nemours Building, 
Wilmington 98, Delaware. 

In Canada: Du Pont Company of Canada (1956) Limited, P.O. Box 660, Montreal, Que. 


Terton is Du Pont’s registered trademark for its fluorocarbon res- 
ins, including the TFE (tetrafluoroethylene) resins discussed here, 
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* & 
Maybe youre paying 
for top quality “Commercial Grade” Roller 
Bearings... BUT ARE YOU GETTING THEM? 


True, there’s a wide difference 
in quality and cost between the 
low-range and high-range of any 
“commercial grade” bearing But 
every Rollway Tru-Rol “commer- 
cial grade” bearing approximates 
as closely as possible maximum 
standards of construction consis- 
tent with the price. 


Take the matter of separators, 
for example: In Rollway bear- 
ings, separators give maximum 
guidance to each roller. The re- 
sult is greater total load capacity 
and longer life. 


Equal spacing of rollers means 
uniform distribution of load. The 
result is the elimination of de- 
structive “pulse” and vibration 


ENGINEERING OFFICES: 


Cutaway view of Rollway Tru-Rol® segmented-retainer roller bearing 
-.. one of three distinct types of Tru-Rol bearings available. 


Moreover, separators are of 
deep section, formed to the curve 
of the rollers, giving true axial 
alignment, smooth-surface con- 
tact and an even lubrication film 


on each roller 


It’s little things like these that 
mount up to big savings in serv- 
ice. Check the accompanying list, 


Gack lhe Lak iii BE SURE! 


Retainer Operation 
(} Is the retainer roller-sup- 
ported, to reduce sliding friction? 


(_) Is the retainer strong enough 
to withstand shock loads and sud- 
den reversals? 


(A Rollway segmented-type steel 
retainer, such as that illustrated, 
is the strongest, most durable 
available in commercial grade 
bearings.) 
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Roller Spacing 
(] Are all rollers equally sepa- 
rated, or do some rub against each 
other in opposed-motion friction? 
(_) Are rollers distributed evenly 
to prevent “pulse” and vibration? 


Roller Construction 


(-] Are the rollers crowned for 
optimum load distribution? 


For Top Quality in Every De- 
tail Buy Tru-Rol and Be Sure! 


or ask a nearby Rollway Service 
Engineer to explain in detail the 
quality you should be getting in 
your “commercial grade” bear- 
ings. No cost. No obligation. Just 
write us. Rollway Bearing Co., 
Inc., 586 Seymour St., Syracuse, 
N. Y., manufacturers of a com- 
plete line of radial and thrust 
cylindrical roller bearings. 


SYRACUSE * BOSTON © CHICAGO © DETROIT * TORONTO * PITTSBURGH * CLEVELAND © MILWAUKEE © SEATTLE ° HOUSTON ® PHILADELPHIA * LOS ANGELES * SAN FRANCISCO 


‘ruRo; 
ROLLER BEARINGS 





eee 


From GLEVELAND ... 


Ji 
A Revolutionary 


New Center 
Bearing 
Assembly! 


Proved by independent tests 
to be far superior to any 
center bearing now on the market 


Now available as original equipment for trucks and buses, 
the New CLEVELAND Center Bearing Assembly offers 
these important advantages: 

3. CLEVELAND’s exclusive use of a roller bearing, in- 
stead of a ball bearing, permits longitudinal sliding 
action between the roller bearing and the induction- 
hardened spline shaft. This eliminates any unwanted 
load on the center bearing and assures low noise 
levels, minimum wear and long life. 
CLEVELAND ’s new design absolutely eliminates 
center bearing “‘shudder’’. Also, it eliminates longitudi- 
nal misalignment problems between frame and 
bearing bracket. 

CLEVELAND’s Center Bearing Assembly embodies a 

conventional type grease fitting and lubrication channels 

to permit a complete flushout of any injurious road dirt. 
Write for information on this remarkable new product. It’s 
the answer to center bearing problems. 


Since 1912 Universal Joints + Propeller Shafts 


Cleveland Steel Products Corporation Power Take-Off Joints 


Automotive Division Center Bearing Assemblies 
16025 Brookpark Road, Cleveland 11, Ohio 
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OFF THE 
HIGHWAY... 


8 ts 4s 


.,% pa ; Pe 
ame ‘le ’ o te . , 
i. 2 PP . A ¢ ate , a 
> =» . s 
‘te 3 7 : ‘ * ‘a 


NORMAL and TURBOCHARGED DIESELS 
...GASOLINE...LP GAS : 


Standard or 
Counterbalanced 
Crankshafts 


WHE for 


descriptive 
bulletins 


Waukesha 197-DLCS eee ae) meet 
(also normally aspirated) —6-cylinder, 
eee ee te Te hp @ 2800 rpm. 


Waukesha WAKB— Equipped 85 a a) pam vs WA 8 Lg 3 S H rN M oO T Oo 4 6 Oo | P A N Y 


6% x 6Y2-in., 1197 cu. in., 300 max. hp @ 1800 rpm Waukesha, Wisconsin * New York * MOTT are Tt 
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ANOTHER IDEA PROCESS FROM A. O. SMITH 
... partner in your progress thru creative mass production 


to the most 


Now you can take advantage of A. O. Smith's creative talent 
-..- fusing glass to metal 


You nee u . i or —, free : @ Resistance to abrasion with minimal maintenance 
nearly 55 million built since 1902, . . 
Mass production of high-quality © Good appearance with hard, smooth surface finish 
automotive chassis frames is one of @ High dielectric strength for good insulation 


A. O. Smith’s most use lents. ; : ; 

melee mast menlen Sete e Resistance to corrosion from virtually all acids 
d Lote 2 through a wide temperature service range 
Extending the work-range of steel, giving it 


vital new dimensions with a fused-on coat of A. O. Smith glass-protected steel couldewell, be 
glass is another A. O. Smith specialty. It’s a exactly what you need to improve your prod-% 
specialty now available to you. And here are a uct’s performance..Write today for technical 
few facts you should know about this remark- brochure describing glass-protééted»steel. 

able process: It’s just one of marny~idea.processes ~ 


Properties: From more than 3500 glass for- from A. O. Smith, world’s largest. 


mulations, special types can be specified to manufacturer of glass-protected 


provide desirable combinations of the following steel products... partner in your 
advantages: progress thru creative mass 


e Resistance to temperatures as high as 1500°F production. 


e@ Flexibility equal to the yield point of the base metal 
¢ Bond that is both chemical and mechanical up to 


10,000 psi 
eee 


HARD SLICK 


SURFACE 
ABRASIO 
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useful metals 


mv 


ee 


Versatility of glass 

applications to improve 

product performance 

is literally endless — 

A. O. Smith glass-protected 

steel products include: 

Permaglas home water heaters; 
storage tanks; smokestacks; 

industrial storage units; Harvestore 
farm feed processing units; and 

a line of Glascote (subsidiary) products 
for severest chemical processing service. 


SAE JOURNAL, MARCH, 1958 


i” 


Here are ways A.O. Smith's special talent 


for protecting steel with glass may serve you 


“~ & 


Slick, glass-lined Vibrator hub with glass- 
jet pump venturi speed coated diameter oil seal 
liquid flow rate and _— for better retention with re- 
off corrosion, duced gasket wear, 


Hermetically sealed, glass- Glass-protected pump im- 
insulated electrical relay peller blades withstand 
eliminates atmospheric ‘‘short- severe corrosion and abrasion. 
ing” problems. 


Through research - ) ..a better way 


EERESTEC EEE 


AUTOMOTIVE DIVISION 
MILWAUKEE 1, WISCONSIN 


A. Q. Smith international S, A., Milwaukee 1, Wisconsin, U.S. A 





cool metal for hot planes 


For jet and rocket aircraft engines, wings and surfaces that 


are subject to extreme conditions of heat, friction and corrosion, 
where the metal must stand up . . . design it, improve it and 


protect it with McLOUTH STAINLESS STEEL. 


specify 


Mc LOUTH STAINLESS STEEL 


ee A Lt S$ &-e &°s A N D a 
alts iil 


McLouty Stee. Corporation pwerroit, MICHIGAN 
MANUFACTURERS OF STAINLESS AND CARBON Steet s 
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VARIABLE-RATIO STEERING 


Semi-integral 
Model 


E a 
ASTER patio FOR que™ 


For example 18:24:18... 


> You'd need two steering gears of any other type, or make, to 
match the response, stability and maneuverability that Ross 
provides with one variable-ratio unit. 


The ratio variation, of course, can be whatever your steering job 
requires. For example 18:24:18 would give you an 18 to 1 ratio 
for faster steering and quicker recovery for turns, and a 24 to 1 
ratio for slower steering and almost hands-off stability for high- 
speed, straight-ahead handling where most driving occurs. 


> Again, variable ratio is an exclusive feature of Ross Hydra- 
power power steering and Ross Cam & Lever manual steering. 
No other type, or make, of steering gear provides it. 


> Ross manufactures all three types of power steering: integral, 
semi-integral and linkage. And invites discussion of any steering 
problem, power or manual, variable or fixed ratio. 


HYDRAPOWER 


ROSS GEAR & TOOL COMPANY,INC. + LAFAYETTE, INDIANA 
Gemmer Division + Detroit 
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Creative Chemistry... 
Your Partner in Progress 


‘ 


ERE » 
ese 

ee j 

att A a * 4 


a: te 


FOUNDREZ 7500 is a very finely powdered 
thermosetting phenolic resin. You will find 
that it blends easily, gives uniform shell mold 
structure and strength in economical sand-to- 
resin ratios. 

When you produce shell molds with 
FounDREz 7500, you reduce curing cycles. 
This remarkable RCI resin performs satisfac- 
torily at extremely high oven temperatures, 
lets you turn out more molds per hour. 

While Founprez 7500 works well in 
almost all applications, it is especially recom- 
mended for tough and intricate jobs where the 


patterns have a deep draw, and where the sand 
must flow, fill and bake extra well. 


FOUNDREZ 7504 is very similar to 
FounpDREZ 7500 but is faster setting and 
intended for use in high speed production. It 
generally gives a more rigid shell mold than 
FounpDREz 7500. 

For large and small parts cast with any 
ferrous or non-ferrous material, shell molding 
with FounpreEz 7500 and 7504 is ideal... 
particularly for long production runs. For 
technical help or complete information, write 
to RCI Foundry Division in White Plains. 


REICHHOLD 


Synthetic Resins « Chemical Colors « Industrial Adhesives + Plasticizers 

Phenol « Formaldehyde « Glycerine « Phthalic Anhydride « Maleic Anhydride 

Sodium Suifite + Pentaerythritol + Pentachlorophenol + Sulfuric Acid 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N. Y. 
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NEW! Prompt response to speed and 
load changes with Thompson Turbocharger 


Moving parts in the new-design Thompson Turbocharger for diesel 
engines are made of light alloys to reduce inertia to speed changes. 
Response of the Thompson Turbocharger to variations in engine 
speed and air requirements is almost instantaneous... no ragged 
engine performance due to lag in blowing. 


The light alloy impeller also permits bearings to be simpler in 
design. Shafts can be smaller in diameter to reduce bearing surface 
speeds and increase bearing life. 

Other advantages of the new Thompson design include: straight- 
bladed impeller for high pressure ratios over wide range of air flow, 
new-design diffuser for peak performance over wider operating 
range, and unique design to isolate exhaust heat from bearings and 
air-side of Turbocharger. 


Your diesel engines up to 300 horsepower’can readily be equipped 
with Thompson Turbochargers . . . the most modern design avail- 
able. A Jet Division engineer will call at your convenience to work 


with your engineers. 
JET DIVISION 


Thompson Products, /ne. 


Cleveland 17, Ohio 
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Full complement of small diameter 
rollers insures maximum number of 
contact lines in load zone for high 
radial capacity in minimum space. 


Mounted without 
races between hard- 
ened shaft and 
hardened housin 
(RC-60 recommen 

ed), Torrington Nee- 
die Rollers allow 
sorgest possible 
shaft diameters. 


Now you can get highest capacity 
. ° \li ill i, 
at lowest cost with Torrington i 


ii 
Needle Rollers Carefully hardened, ground and 


makes each Torrington Needle 
Roller a precision part for long life 
rformance. 


A hardened shaft, a hardened housing, and precision Torrington 
Needle Rollers provide the most economical, highest capacity anti- 
friction assembly you can obtain. Close tolerances ere ee 
Six roller end shapes permit design flexibility whether the require- ~- by stringent ee, 
ment be maximum effective roller length, proper fillet clearances or 
greater lip retainment. Torrington Needle Rollers are available in a c Rollers can be supplied 
complete line meeting SAE and AFBMA specifications. Torrington wite. tolerance ot 
standards for material, heat treat, tolerance and finish of Needle length depends on end 
Rollers are the highest in the industry. shape. 
Operating results with Needle Rollers depend on careful design of i Wi 
mating parts. Torrington’s Engineering Department, with extensive —— 
experience in Needle Roller application, will be glad to give you tech- iM HANS 
nical advice on your needs. The Torrington Company, Torrington, Fine finish_reduces friction to a 
Conn.—and South Bend 21, Ind. ers are usually rieah we, 


as a 1-9 are avall- 
TORRINGTON BEARINGS 


able on special order. 
District Offices and Distributors in Principal Cities of United States and Canada 
MEEDLE + SPHERICAL ROLLER + TAPERED ROLLER + CYLINDRICAL ROLLER + BALL + MEEDLE ROLLERS + THRUST 
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NO. 1 CHOICE FOR TOUGH JOBS 


Whether you make the roads or the road-building giants, 
U.S. AXLE is your best source for axle shafts designed and 
built to your exact requirements. Our 38 years of specialized 
engineering skills, finest alloy steel, modern heat treating 
methods, and shot-peened hardening process are your assur- 
ance of superior toughness in axle shafts for every vehicle. 
For duplicating original equipment or creating an axle shaft 
to solve your specific problem, U.S. AXLES stand up to the 
job, improve performance and reduce maintenance costs in 
every use. It will pay you to “talk axles” with US. 


WORLD 7 
nah La ae 7 2 
oF: r ps i 


tue US axe COMPANY, INC. 


Since 1920 + Pottstown, Pennsylvania 





New AiResearch 
T-7 turbocharger 
is designed 
for diesels with 


YOUR SMALLER DIESELS 
CAN BE TURBOCHARGED, TOO 


naturally aspirated ratings 
of from 80hp to 130hp, 


will increase power up to 50% 


A typical AiResearch T-7 installa- 
tion will give a 900 lb. engine the 
power of a 1400 lb. engine with 
greatly reduced specific fuel con- 
sumption. It not only increases 
your payload, but, because it 
makes your diesel run cooler, it 
actually extends engine life. 

Its low cost, small size, high 
output and extremely light weight 
make it the first practical solution 
to the turbocharging of low horse- 
power diesels. 


DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED 


162 


Like all AiResearch turbo- 
chargers, the T-7 is air-cooled 
(making no demands on the cool- 
ing system of your engine), 
reduces noise and smoke and 
maintains sea-level power at high 


BASIC SPECIFICATIONS FOR 


MODEL 

Output — Ib/min. 
(Standard Conditions) 

Diameter — in. nom. 

Length — in. 

Weight — Ib. 


---AT LOW COST! 


altitudes. Installed on your small 
diesel, it means smaller initial cost 
and lower operating costs than 
those of any naturally aspirated 
diesel of comparable output. 
Your inquiries are invited. 


AIRESEARCH TURBOCHARGERS 
T-10 7-14 T-30 


30-60 50-100 
11.5 15.1 
12.9 14.7 
95.0 112.0 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 
INDUSTRIAL PRODUCTS 
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MECHANICS SAFETY !S NO ACCIDENT 


* 


ROM the Antarctic to the Arctic, MECHANICS JOINTS are serv- 
ing reliably under adverse conditions. 
MECHANICS Roller Bearing UNIVERSAL JOINTS increase the 
Safety factor in power transmission lines, because heavy ma- 
chined KEYS and corveepending keyways, not bolts nor screws, 
transmit the torque. 
The only function of the cap screws is to hold the bearing as- 
semblies in place. 
This KEY method of driving has the highest safety factor, trans- 
mits the most torque with the least weight, and avoids costly 
breakdowns resulting from driving through bolts or screws that 
work loose. 


Let our engineers show you how this 
and several other MECHANICS 
Roller Bearing UNIVERSAL JOINT 
advantages will benefit your new and 
improved products. 


MECHANICS 
UNIVERSAL JOINT 
DIVISION 


Borg-Warner 


2022 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 
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Over 400 Leading Manu- 
facturers Throughout the 
World use aa 


as original equipment. 


SAE JOURNAL, MARCH, 1958 








SAE JOURNAL, MARCH, 1958 





NEW DIRECTIONS IN AUTOMOTIVE FUEL CONTROLS 


Rochester takes exfra precaution fo assure extra 
quality in needle and seat assemblies. In this exclusive 
test, seats are staked and needles placed in seats. Then 
the whole assembly is vacuum-checked, electronically, 
for dependable sealing qualities. 


FA 5 . & ' bats AV ENP 
, " - . . _* 
: ; : “a yp ‘ 
; ' ; | it mgt 
ie a : H : Y “gm a 
¥ nS ; ; " we , Paes - i * 


EXCLUSIVE ELECTRONIC TEST ASSURES PINPOINT 
ACCURACY IN EVERY ROCHESTER CARBURETOR! 


original equipment. Before a Rochester Carburetor gets the “GO” sign . . . it must travel 
the industry’s toughest course. Each carburetor is checked and double 
on over 20,000,000 ; 
: checked by Rochester’s exclusive and exhaustive quality controls 
fine cars and trucks before it’s ready for delivery. For example, in the Rochester-developed 
test above, all float valve assemblies are electronically checked to assure 
maximum sealing qualities between the needle and seat when a 
vacuum is applied to the system. This extra regard for precision and 
quality makes Rochester Carburetors the best way to drive home 


a powerful performance story to your customers. 


80m THE PROGRESS OF THE PAST... 


OCHESTER CARBURETORS 


«+. TNE PROMISE OF THE FuTuRE 


ROCHESTER PRODUCTS DIVISION OF GENERAL MOTORS, ROCHESTER, WN. Y. 
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This instrumentation, specially designed by Johns- 
Manville engineers, is linked to the<iynamometer to 
evaluate band or clutch pack performance. 


No pull too great...no hill too steep 


to duplicate on this test equipment designed 
to evaluate J-M Transmission Band Linings 


Iw rts searcu for better friction ma- 
terials for use in automatic transmissions, 
Johns-Manville follows advanced scien- 
tific test methods. Versatile machines, 
capable of duplicating the inertia of a 
sports car or a fully loaded tractor- 
trailer, explore transmission friction re- 
quirements and furnish precise data for 
development of improved friction ma- 
terials having higher torque and greater 
durability. 

The test machine, shown above, is a 
600-h.p. dynamometer with a rated 
torque of 3500 lb-ft and capable of 


Molded 
Transmission 


Bands 
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Friction 


holding even the largest engines and 
transmissions. When coupled to an en- 
gine, the dynamometer and its inertia 
flywheel can operate on torque, speed or 
load control. It can simulate service 
conditions in the transmission where a 
particular friction material was designed 
to operate. 


Accurate performance data is auto- 
matically recorded by electronic 
instrumentation that reads torque, tem- 


Wag 
Ca ast 


Molded and 


Discs Woven Clutch Facings 


peratures, transmission control pressures, 
output shaft and engine speeds, plus 
other useful data. 


J-M engineers exercise the same exacting 
care in the testing and production of all 
friction materials. When you have a 
special problem involving automatic 
transmissions, clutch or brake assemblies, 
they’il help you find the solution. Write 
to Johns-Manville, Box 14, New York 
16, N. Y. In Canada, Port Credit, Ont. 


JOH NS -MANVILLE 


PRODUCTS 


Molded 
Brake Blocks 


Molded and 
Woven Brake Linings 
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IT “WORKS” 


i. 


Advanced sonic testing techniques are used to 
make precision measurements that determine an 


engine’s compression ratio. 


To Olds engineers, compression ratio is a direct meas- 
ure of the engine’s thermodynamic efficiency ; the higher 
the compression ratio, the more energy utilized from 
the fuel. But with higher compression ratios, engineers 
needed to know whether cylinder heads and combustion 
chambers were accurate during initial engine develop- 
ment. To meet this challenge, Oldsmobile engineers and 
General Motors Research developed a simple, yet ex- 
tremely accurate measuring device commonly called the 


“whistle checker”. 


WHILE IT WHISTLES 


Based on the principle of resonance, the known vol- 
ume of air in the “whistle checker” is placed in reso- 
nance with the unknown volume of air in the combustion 
chamber. A reading of the micrometer adjusting screw 
of the “whistle checker” is easily translated into cubic 
centimeters and is accurate to .2 cc. What is just as im- 
portant, this instrument can tell if there is any loss of 


compression due to leakage past the piston rings. 


In many ways and in many directions the Inquiring 
Mind at Oldsmobile is constantly probing, constantly 
seeking new and better ways to build the finest automo- 
biles in the industry. Try a 58 Oldsmobile on the road. 


You'll discover the difference for yourself. 


OLDSMOBILE DIVISION, GENERAL MOTORS CORP 


Pioneer in Progressive Engineering 
---Famous tor Quality Manufacturing 


OLDSMOBILE > 
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The concept of anti-skid braking is a major contribution to 
aviation safety, and was pioneered by Hydro-Aire. Hytrol, the 
only accepted anti-skid braking system, is standard equipment 
on more than 6,000 airplanes. Hytrol systems are already on 
such types as the B-47, B-52, A3D, B-66, RF-84F, F-100, F-101, 
C-130, KC-135, and QF-80. Latest Hytrol users include all three 
of the new commercial jet transports — DC-8, 707, and 880. 





Now being tested in Hydro-Aire’s laboratories are the new 
developments for tomorrow’s sure, safe landings. Today —and 
in the future— when a skid is expected, transportation experts 
everywhere look to Hydro-Aire for the answer. 


Producing Controls for every Basic Airborne System 








CALIFORNIA 





BURBANK, 
PIP ltt is meme eta 
Anti-Skid Braking Systems + Fuel 
System Controls + Pneumatic 
Controls + Actuation Systems 
Electronic Devices 







At The Ford Motor Company’s 
Cleveland Engine Plant No. | 
= 


POR ATION 


COMPANY 
THE INGERSOLL MILLING MACHINE 


THE LAPOINTE 
MACHINE TOOL COMPANY 


LANDIS TOOL COMPANY 


R. k 


4 l 
MACHINE TogtOND 


{Co 


ICKER$, HYDRAULICS 
HELPS CUT MAINTENANCE COSTS 
of Machinery Supplied by These Companies 
to This Modern Automated Plant 


High production is convincing proof of equipment reliability—one of 
many reasons why Vickers Hydraulics is engineered into equipment for 
modern automated production plants. 

The above manufacturers find that Vickers Hydraulics simplifies installa- 
tion and minimizes piping—benefits also enjoyed by the user. Vickers 
highly efficient pumps produce significant power savings . . . Vickers 
controls help minimize scrap and rework by providing precise positioning 
for machining and other in-process operations. Component dependability 
helps provide extended periods of uninterrupted production. Demountable 
unit construction simplifies on-the-job repairs and helps reduce downtime. 

The Vickers complete line of components is ideally suited to hydraulic 
equipment standardization and interchangeability, reducing replacement 
inventory. Our application engineers will supply detailed information 
without obligation. General Catalog 5001B is available upon request. 

7996 

Application Engineering Offices: ATLANTA © CHICAGO 
VICKERS INCORPORATED CINCINNATI © CLEVELAND + DETROIT » GRAND 
DIVISION OF SPERRY RAND CORPORATION RAPIDS * HOUSTON + LOS ANGELES AREA (EI Segundo) 
MINNEAPOLIS « NEW YORK AREA (Springfield, N.J.) 
Machinery Hydraulics Division pero ty Pr wy a aA. = 
ADMINISTRATIVE and SAN FRANCISCO AREA (Berkeley) » SEATTLE » ST.LOUIS 
ENGINEERING CENTER TULSA « WORCESTER « Factories also in: AUSTRALIA, 
ENGLAND, JAPAN AND GERMANY «+ In Canada: Vickers- 

Typical transfer line installation shows ample use Department 1440 * Detroit 32, Michigan Sperry of Canada, Ltd., Toronto, Montreal and Vancouver 
of Vickers hydraulics for actuation and control of 


automated operations. ENGINEERS AND BUILDERS OF OFL HYDRAULIC 


EQUIPMENT SINCE 1921 
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Spicer Clutches 


are used where 


Ruggedness 
camel 
Dependability 


are absolutely 


ae a: 





From Automotive 


Ask Dana Engineers to Help Solve Your Clutch Problems . . . 


Spicer clutches range in capacity from 614” diameter 
single-plate through 1514" two-plate types. For auto- 
mobiles or trucks, heavy-duty off-highway and indus- 
trial applications, crawler tractors or farm tractors, rail- 
roads or stationary industrial applications, there are 
Spicer clutches to meet your every application. 


DANA CORPORATION « Toledo 1, Ohio 


DANA PRODUCTS Serve Many Fields: 


AUTOMOTIVE: Transmissions, Universal Joints, Propeller Shofts, Axles, 


Powr-Lok Differentials, Torque Converters, Gear Boxes, Power Take- 
Offs, Power Take-Off Joints, Clutches, Frames, Forgings, Stampings. 


INDUSTRIAL VEHICLES AND EQUIPMENT: Transmissions, Universal 


Joints, Propeller Shafts, Axles, Gear Boxes, Clutches, Forgings, 


Stampings. 
AVIATION: Universal Joints, Propeller Shafts, Axles, Gears, 
Forgings, Stampings. 


RAILROAD: Transmissions, Universal Joints, Propelier Shafts 
Generator Drives, Rail Car Drives, Pressed Steel Parts. 
Traction Motor Drives, Forgings, Stampings. 
AGRICULTURE: Universal Joints, Propeller Shafts, Axles, 
Power Take-Offs, Power Take-Off Joints, Clutches, Forgings 
Stompings. 

MARINE: Universal Joints, Propeller Shafts, Gear Boxes 
Forgings, Stompings. 


Many of these products manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 


| 
* > 
’ 





Keller 86A-1 air hoist easily lifts power head into position on table in setup of a cutter grinder. 


Push-button power lifts troublesome 
“strain loads” easily, safely 


Here’s added muscle for repetitive handling and machine loading: 
the versatile Keller 86A-1 air hoist. It handles troublesome 25- to 
150-pound loads with ease and safety . . . prevents strains and in- 
jured backs, yet is as natural as lifting by hand. 
Operator has complete control of both hoist and load at all times. 
Location of up and down buttons gives simultaneous, one-hand 
control of vertical speed and positioning. One hand is free to control 
other parts of machinery. 
This handy, lightweight hoist is easily installed, or moved from 
job to job. It needs no overhead tracks, trolleys or hose trolleys. 
Safety hook at upper end of cable suspends hoist from any overhead 
support. You simply hang it . . . use it . . . and pocket the saving. x 
For complete information, contact your Gardner-Denver represent- Gardner-Denver’s line of Keller air hoists 


: ‘i also includes six other models in rated capac- 
ative or write for Bulletin 86. ities of 300 to 4000 pounds. r 


ENGINEERING FORESIGHT—PROVED ON THE JOB 
IN GENERAL INDUSTRY, CONSTRUCTION, PETROLEUM AND MINING 


GARDNER - DENWER 


Gardner-Denver Company, Quincy, Illinois 
In Canada: Gardner-Denver Company (Canada), Ltd., 14 Curity Avenue, Toronto 16, Ontario 
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GUARANTEED PURITY! 


Argon of 99.995% minimum purity 
Guaranteed by LINDE! 


The inert argon welding gas you get from LINDE is now guaranteed* to 
contain less than 50 parts per million of impurities. And it’s LINDE’s 
regular industrial argon—not a special, extra-cost grade. You get this 
extremely high purity on delivery to you, regardless of the way the argon 


is delivered. 

LINDE’s 50 years of experience in prédducing gases of extremely high 
purity make this assurance possible. You can depend on LINDE con- 
sistently for the highest possible purity in the gases you use. LINDE 
ComPANY, Division of Union Carbide Corporation, 30 East 42nd Street, 
New York 17, N. Y. Offices in other principal cities. In Canada: Linde 
Company, Division of Union Carbide Canada Limited. 


*LINDE argon delivered as a liquid is For Argon of guaranteed 
the purest inert gas on earth. Guaran- a x ee 
teed to contain less than 50 parts per highest purity. .. call LINDE! 
million of impurities, LINDE liquid ar- 

gon contains, on the average, less than 

4 of this amount and practically no 

moisture. , 


The terms “Linde” and 
“Union Carbide” are 
registered trade-marks of 
Union Carbide Corporation. 


TRACE MARn 





TD ee. 


“Maintenance Is My Job... 
and I’m Strong for MIDLAND!” 


“We'll operate a vehicle for 150,000 miles and never have 
to touch the Midland Compressor,” states J. F. Whitlow, 
Superintendent of Maintenance for Central Motor Lines, 
Inc., Charlotte, N. C. “That’s why we specified Midland 
Compressors as original equipment on a fleet of 54 new 
tractors we’ve just purchased. 
“And, we’re gaining added protection by using Mid- 
land Emergency Relay Valves ... both on new trailers Central Motor Lines, Inc., was founded 
and those adapted to comply with the latest I.C.C. regu- in 1936 and has its headquarters at 
lations.” Charlotte, N. C. The company has a 
For extra savings ...as well as that extra margin of fleet of 658 vehicles and a network 


5a tees ; f 17 terminals in North d Sout 
dependability and safety ... be sure to insist on Midland Sesaiion. Gili. aa aie j aeamirer 


Power Brakes. Call your nearest Midland Distributor for zones of Chicago, New York and 
the most complete line of air and vacuum brakes. Philadelphia. 


Formerly 


MIDLAND-ROSS fusecwbe as 
CORPORATION fypeye 


Executive Offices: Cleveland 1, Ohio New 
: Including John Waldron Ce 
_ Corporation ¢ Ross Engi 
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SEE THIS AT THE SHOW 


al 
a od 
EASY-FLO 35 


~“ 


> | ’ —— 


Ps 


See for yourself how Black & Decker Silver Brazes Fan 


Assemblies: HANDY & HARMAN will show you how 


at the Design Engineering Show—Chicago—April 14-17 
and at the Tool Show—Philadelphia— May 1-8 


Right now, we can only tell you — in text and pictures — 
how this power tool company brazes this assembly on 
a simple brazing machine. 

The assembly, consisting of a steel hub and a blade, 
is used in Black & Decker portable drills as a cooling 
fan. Its basic simplicity easily lends itself to the contin- 
uous heating method devised by Black & Decker. A vital 
requirement is great joint strength; this is an inherent 
quality of silver brazing. 

The fan, hub and Easy-Fio 35 and Hanpy Fux are 
the production essentials. One operator assembles and 
fluxes the parts and places them on a conveyor which 
carries the assemblies under a bank of burners. One 
assembly is brazed every few seconds. 

This is an excellent example of how silver alloy braz- 
ing, coupled with production inventiveness, can accom- 
plish production in mass at great speed. It is very 


possible that your metal-joining problems can be solved 
just as swiftly and simply. 

If you plan to be at either of the shows mentioned 
above, you will see this operation in full swing. Handy 
& Harman will demonstrate this application, with some 
advanced heating procedures. We invite you to look in 
on the “simple speed” of silver brazing. 

Meanwhile, we welcome any questions or problems 
on the joining of metals. We have found that, very often, 
a simple question on a metal-joining problem leads to 
multi-benefit answers through silver alloy brazing. 


FIRST, BULLETIN 20 — This informative Ste 
booklet will get you off to a good start on , 
the values, techniques and economies of 

. . ~ 
low-temperature silver brazing. A copy —— 
awaits your request. 


Source of Supply and Authority on Brazing Alloys: +>» 


ay HANDY & HARMAN =. 
LEVELAND. OnI0 

OETROIT. MICH 

ANG 5 

Y " 


ATLANTA, GA 
BRIDGEPORT. CONN 
PROVIDENCE. ® 


ELES. CALF 


General Offices: 82 Fulton $t., Mew York 38, HM. Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 
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Gears... 


for making molehills out of mountains 


It is hard to imagine worse working conditions, and that is the very reason 

why the manufacturers of so many kinds of road building equipment install 

“Double Diamond” gears. Wherever the going is especially rough, wher- 

ever gears must give uninterrupted service on harsh, time-table schedules, 

you'll find our gears at work. 

For low installed cost, for true operating economy and performance, 

May we send you a 
copy of this compre- 
“‘Double Diamond.” hensive catalog on 


: : the many gear types in 
Our salesmen are experienced gear engineers. Why not talk to one about which we specialize? 


your gear requirements ? 


AUTOMOTIVE GEAR DIVISION 
EAT ye MANUFACTURING COMPANY 
RICHMOND, INDIANA 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


and for buckling down to the hardest kind of service— nothing beats 





Whatever your requirements for 
highway or off-the-road equipment — 
Timken-Detroit® offers you a full line 
of driving, trailer and front axles... 
brakes and gear boxes... backed by 


over 50 years of manufacturing expe- 


rience and proven by continuing field 


and laboratory research. 

Proving the superiority of design, 
engineering features and quality that 
go into every Timken-Detroit prod- 


uct is the Lightweight Tandem. 





Greater Payload Capacity! Up 
to 700 pounds lighter than any 
other unit of equal capacity, this 
new tandem will give you up to 
26,000 extra ton-miles payload in 
every 75,000 miles of operation. 


Parts Interchangeability means 
easier maintenance. Almost all 
the parts in this new tandem 
gears, pinions, differentials and 
brakes—are interchangeabie 
with parts from Timken-Detroit 
standard single axles. This as- 
sures you more productive road 
time . . . faster, simpler, more 
economical maintenance... and 
smaller parts inventory. 
Inter-Axle Differential divides 
torque evenly between axles... 
yet permits wheels of one axle to 


TIMKEN-DETROIT’ LIGHTWEIGHT TANDEM GIVES YOU... 


revolve faster or slower than 
wheels of the other axle. This 
means both axles are doing 
equal amounts of work... driv- 
ing parts and tires last longer. 
Driver-Controlled Lockout! 
With Timken-Detroit Inter- 
Axle Differential, the driver can 
obtain the advantages of straight- 
through drive under slick condi- 
tions by locking out the differ- 
ential at any driving speed. 

Big, Dependable Hypoid Gears 
rotate in correct direction for 
maximum gear and bearing life. 


Plants at: Detroit, Michigan 
Oshkosh, Wisconsin « Kenton and Newark, Ohio 


New Castle, Pennsylvania 


an waa. 
AXLES 


ROCKWELL SPRING AND AXLE COMPANY > 


WORLD’S LARGEST MANUFACTURER OF 
AXLES FOR TRUCKS, BUSSES AND TRAILERS 





Next stop for these new car engines 
... Morse Automotive Timing Chain! 


Over 80,000,000 car engines have been equipped with 
Morse Timing Chain. And in 1958, 17 of the 19 cars 
using timing chain have Morse as original equipment. 

Reason: High horsepower requires split-second tim- 
ing, and Morse Timing Chain is precision-built like a 
fine watch. Modern inspection equipment helps maintain 
rigid quality standards; assures you of trouble-free 
timing for thousands of miles. 


SERVING THE AUTOMOTIVE 
INDUSTRY FOR OVER 55 YEARS 


Remember: Morse is an “‘old pro” at building depend- 
ability into their timing chain . . . they’ve been doing 
it for over 50 years. 

It pays to contact Morse on all your timing chain 
problems, original equipment or replacement. For com- 
plete information or engineering help, phone, wire, or 
write MORSE CHAIN COMPANY, DETROIT, 
MICHIGAN; ITHACA, NEW YORK. Export Sales: 
Borg-Warner International, Chicago 3, Illinois. 


MORSE 


*Trademark xia 
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Naugatuck PARACRIL OZO 


Compared to the present leading competitive 
general-purpose oil-resistant, ozone-resistant 
rubber, Paracril” OZO vulcanizates show marked 
superiority in resistance to oil, fuel and weathering 
(ozone) and in color retention, abrasion resistance 
and low moisture absorption. In tensile strength, 
flame resistance and cost of complete compound, 
both are essentially the same. 

Thus Paracril OZO provides a unique com- 
bination of properties far in excess of ordinary 
nitrile rubber! 

But Paracril OZO is no ordinary nitrile rubber! 
It is a modified Paracril which incorporates the 
compounding discoveries of Naugatuck research 
chemists to which reference has been made in 
recent Paracril advertisements. The chief modifier 
is one of Naugatuck’s Marvinol® vinyl resins, and 


THE NEW OIL- AND OZONE- 


RESISTANT NITRILE RUBBER 


the product includes excellent stabilizers for both 
vinyl and rubber. 

Paracril OZO is supplied in the form of small, 
light-colored flakes, permitting easy handling and 
considerable flexibility in processing methods. 

A most important feature of Paracril OZO is 
that the vinyl resin in it is completely fluxed during 
its manufacture. This not only eliminates a difficult 
compounding procedure on the part of the user but 
also assures full development of the added prop- 
erties imparted by the vinyl modifier. 

Its unique properties particularly recommend 
Paracril OZO for wire jackets, shoe soles, coated 
fabrics, automotive parts, hose and belting jackets. 
Write for Bulletin No. 219 which contains com- 
pounding suggestions and interesting test data on 
Paracril OZO vulcanizates. 


Naugatuck Chemical 


a tr ° Im 
Division of United States Rubber Company icnoiods ionorabal 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices - CANADA: Naugatuck Chemicals Division, Dominion Rubber Co., Ltd.. Elmira, Ontario - CABLE: Rubexport, W.¥. 
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Computers 


Communications 


instrumentation 


Servo systems 


Gauges 


Flashers 


Data processing 


Oscillators 


- 


Ultrasonics 


Wherever you require high power, consider 


Solid state switching 


Power supplies 


Audio amplifiers 


ar" 


“oe Ignition 


asta 


Fuel injection 


Regulators 


Con verters 


Machine control 


DELCO HIGH POWER TRANSISTORS 


Thousands of Delco high power germanium transistors are 
produced daily as engineers find new applications for them. 
In switching, regulation, or power supplies—in almost any 
circuit that requires high power— Delco transistors are adding 
new meaning to compactness, long life and reliability. 

All Delco transistors are 13-ampere types and, as a family, 
they offer a collector voltage range from 40 to 100 volts. Each 
is characterized by uniformly low saturation resistance and 


DELCO RADIO 


high gain at high current levels. Normalizing insures their 
fine performance and uniformity regardless of age. Also 
important—all Delco transistors are in volume production 
and readily available at moderate cost. 

For complete data contact us at Kokomo, Indiana or at 
one of our conveniently located offices in Newark, New Jersey 
or Santa Monica, California. Engineering and application 
assistance is yours for the asking. 


DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA 


BOOTH 1619 AT THE 1.R.E. SHOW 
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atte A anode LL 


Special seam 


hy sl-ta lel Meat iielt ie 


Ball indented 


Small sizes 


Special end cut 


Rolled split spacer tubes are produced in a wide variety of standard 
and special designs, in many lengths and diameters, of steel, brass 
and aluminum. They can be ball-indented for oil pockets, or made 
with oil holes or other special cutouts or seams. 


FEDERAL-MOGUL DIVISION 


Federal-Mogu!-Bower Bearings, Inc., 11035 Shoemaker, Detroit 13, Michigan 


Rolled, Split Engine Bimetal Bearing-Surfaced 
Bushings Bearings Bushings Thrust Washers 


RESEARCH = DESIGN »* MEFALAURGY - PRECISION MANUFACTURING 
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High-powered cars 
need Bundyweld 


Brake lines take a terrible beating from flying pebbles, pounding vibration. But 
brake lines made from double-walled Bundyweld take such punishment easily; stay 
leakproof. Result: supersafe driving for millions of motorists, over billions of miles. 


BUNDYWELD IS DOUBLE-WALLED FROM A SINGLE STRIP 


Bundyweld starts as 
a single strip of 
copper-coated steel. 
Then it's . 


184 


continuously rolled 
twice around loter- 
ally into a tube of 
uniform thickness, and 


passed through a fur- 
nace. Copper coating 
fuses with steel. 
Result... 


Bundyweld, double- 
walled and brazed 
through 360° of 
wall contact. 


anni eS ea ake oe } 


Sf 


TO %” O,D. 


<- 


NOTE the exclusive 
Bundy-developed 
beveled edges, which 
afford asmootherjoint, 
absence of bead, and 
less chance for any 
leakage. 
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full of ““go’”’ 


Tubing to STOP! 


Increased weight... superhighway speeds call for 
extra-safe brake lines of Bundyweld Steel Tubing 


More than ever, priceless lives depend on safe, sure 
stops. So remember, when you specify brake-line 
tubing: For complete safety in emergencies, only 
Bundywelde Steel Tubing will do. 


Double-walled from a single steel strip, Bundyweld 
stands up under high pressures, brutal shock and 
vibration fatigue ... provides an unequaled safety 
margin. 95% of today’s cars use Bundyweld for fuel, 
oil and hydraulic lines, averaging 20 applications 
each. Over two billion feet have been used on cars, 
trucks and buses in the past 25 years. 


Save with Bundys services: free, expert design and 
engineering aid at any product-development stage; 
fast, economical fabrication service with on-schedule 
delivery to keep lines rolling. Or Bundyweld is avail- 
able in lightweight, easy-to-handle straight lengths 
for fabrication right in your own plant. 


Whatever your tubing needs, you'll find there is no 
real substitute for Bundyweld Tubing and Bundy 
services. Find out for yourself why automotive engi- 
neers everywhere check first with Bundy. Call, write 
or wire us today! 


BUNDY TUBING COMPANY, DETROIT 14, MICHIGAN 


WORLD’S LARGEST PRODUCER OF SMALL-DIAMETER TUBING » AFFILIATED PLANTS IN AUSTRALIA, ENGLAND, FRANCE, GERMANY, AND ITALY 


Specify Bundyweld for every automotive-tubing use! 





Gasoline lines can be pounded by 
stones, punished by vibration .. . 
still not collapse or leak when fabri- 
cated from Bundyweld. Why? It’s 
double-walled from a single steel strip! 


ee a ee ee ee 





Oil lines that leak can cause delays, 
big repair bills ... 
So specify dependable Bundyweld . .. 
and get oil lines that are extra-strong 
— leakproof and trouble-free. 


éven ruin engines. 


Hydraulic lines for power steering and 
brake units face high pressures, con- 
stant vibration. Fabricate them from 
Bundyweld, and they’ll deliver years 
of dependable, foolproof service. 


RET tv 


There’s no real substitute for 


BUNDYWELD, TUBING 


Bundy Tubing Distributors and Representatives: Northeast: Chas. H. Stamm, 10 N. Main St., West Hartford, Conn.; Austin-Hastings Co., Inc., 226 Binney agen’ werd Cam- 
bridge 42, Mass. * Middle Atlantic: Atlantic Tube & Metals, Inc., 451 New Jersey State Highway #23, Wayne, N. J.; Rutan & Co,,1 Bala Ave., Balo- -Cynwyd, Po. « Midwest: 
Lapham-Hickey Steel Corp., 3333 W. 47th Place, Chicago 32, lil. © South: Peirson-Deakins Co., 823-824 Chatieatons Bank Bidg., Chuttensegn 2, Tenn. + Southwest: 


Vinson Steel & Aluminum Co., 4606 Singleton Bivd., Dallas, Texas * Northwest: Eagle Metals Co., 4755 First Avenue, South Seattle 4, Wash. ¢ Far West: Pacific 
Metals Co., Ltd., 2187 S. Garfield, Los Angeles 22, Calif.; Pacific Metals Co., Ltd., 1900 Third Street, San Francisco 7, Calif. 
Bundyweld nickel and Monel tubing are sold by distributors of nickel and nickel alloys in principal cities. 
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Want One 


For Your 


ieee | a 


Four cylinders Saclechtal opposed 

Air cooled 4 = 

‘Overhead valves > 
+131 S.A.E. er - 

+472 -at 3000 R.P.M. 

Tessaieneaien tee 

6%" wide _ 

26%" long | 


726%” high’ 
4 a 187 a 


corte 


Lapel? 








te 


An SAE Emblem 


e Distinguishes you 
as an SAE member 


aaa 








e Is an attractive 
gold-filled clutch- 
back pin 


¢ Costs only $1.50 
plus 
15¢ Federal tax for delivery 
in the United States and 5¢ 
sales tax for delivery in 
New York City 


f Rie 


= 
y 
: ee 


oH 


area 
Cor 


7 , ay ~ r 


GOLD on BLUE Member Grade 
GOLD on RED Associate Grade 
Junior Grade 





Society of Automotive Engineers 
485 Lexington Ave., New York 17, N. Y. 


Please send me an SAE emblem. Enclosed is my 
check for $ .. . ($1.50 plus applicable taxes). 
Grade of membership (please check) 


(0 Member (C0 Associate 0 Junior 


Name 


Address 
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BIG OR SMALL... BENDIX DRIVES START THEM ALL 


Throughout the world of transportation it’s an accepted fact 
that you start with Bendix! And it’s not surprising. Bendix* 
Starter Drives have been synonymous with dependability for 
fifty years in the automotive field. They’ve proved themselves 
just as reliable on submarines, aircraft, earth movers, outboard 
motors, helicopters. In fact, every type of internal-combustion 


engine ever built has used a Bendix Starter Drive. Hospitals 
use Bendix Drives to activate their stand-by equipment. Air 
raid sirens across the country are started with Bendix Drives. 
It’s logical to believe that such universal acceptance indicates 
a standard of quality which no other manufacturer has been 


able to match. Need we say more? 
*REG. U. S. PAT. OFFs 


Bendix-Elmira, n.y. Ride 


ECLIPSE MACHINE DIVISION 
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COMPARABLE WATTS OUTPUT OF '52 AND ‘58 
4%" DIAMETER GENERATORS 
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DELCO-REMY “AIR-CONDITIONED” 

GENERATOR FOR 1958 GM CARS 
HAS DOUBLE OUTPUT OF EARLIER 
MODELS WITHOUT INCREASE IN SIZE 


Each new model year finds more and more people buying cars equipped with 
air-conditioning units. To insure ample power for this popular accessory, Delco- 
Remy has developed an “air-conditioned” generator having twice the electrical 
capacity of earlier models of similar size (see graph on facing page). 


A unique feature of the 1958 generator is the new commutator end frame with 
adapter flange which allows the generator to pull cool outside air from the front 


of the car through an air tube, thus reducing generator temperature. 


Other features contributing to increased capacity are ball bearings at both 
commutator and drive ends, improved armature, fan, and pulley construction, 
and improved brushes—all of which permit safe operation up to 15,000 rpm. 


In addition to better cooling and increased armature speeds, the 1958 gener- 
ators have stronger field currents made possible by Delco-Remy’s new double- 


contact regulators .. . adding still further to the increased output. 


These compact 1958 generators with twice the output of earlier models are 


still another example of Delco-Remy progressive engineering at work for you. 


DELCO-REMY «+ DIVISION OF GENERAL MOTORS + ANDERSON, INDIANA 


/ 


‘emy 


ELEGFRIGAL, SYSTEMS 


7 
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Looks better 


brakes better 


New integrated wheel has Nickel-iron brake drum 
metallurgically bonded to cast aluminum body 


In this interesting prototype, wheel, 
hub, and brake drum are combined 
as a single integrated part... lighter 
(in 14” rim size) by 12.6 pounds than 
present assemblies ... stronger (no- 
tice the ribs) . . . cooler operation. 


Its performance and durability, 
Kaiser Aluminum & Chemical Cor- 
poration tests show, far surpasses 
accepted standards. Reduced brake 
fade is due, in part, to the high con- 
ductivity of the aluminum alloy used 
for the wheel disc; in part, to design 
(heat flow path is direct), and in 
part to the ribbed die cast construc- 
tion of the disc. The excellent per- 


formance of the braking surface is 
obtained by using a Nickel cast iron 
insert. 

1% Nickel cast iron 

fulfills design needs 
In designing the brake drum insert, 
engineers turned at once to the 
proven superiority of nickel-contain- 
ing irons. An alloyed iron containing 
0.80 to 1.00% Nickel, 0.30 to 0.50% 
chromium, and 0.20 to 0.40% molyb- 
denum is the one they picked to 
withstand the heat wear and thermal 
shock conditions of brake drum ser- 
vice. 

After casting and machining the 


insert, it is bonded to the cast alu- 
minum disc by the Al-Fin* process. 


If you would like to know more 
about the Kaiser wheel, contact 
Kaiser Aluminum & Chemical Cor- 
poration. When it comes to nickel- 
containing cast irons, look to Inco 
for information. One particularly 
useful publication is Inco’s 28-page 
“Guide to the Selection of Engineer- 
ing Irons”. Write for a copy. 


*Trademark of Al-Fin Division of Fairchild Engine & 
Airplane Co. 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street stk, New York 5, N. Y. 


INCO NICKEL 


NICKEL ALLOYS PERFORM BETTER LONGER 
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EVE E 


REINFORCED 


PiasticParts 


Now—A new, dollar-saving way to make heater housings, speaker housings, air ducts, 
plenum chambers, defroster nozzles, arm rests, garnish moldings, and seat sides! 


A New Basic Material 


for greater utility and beauty at new low costs! 


Formadall, a premixed precision molding com- 
pound developed by Woodall, has so many unique 
advantages it is safe to predict Formadall plastic 


parts will soon replace metal in dozens of 


automotive castings and stampings. 


Today, Woodall is producing millions of intricate 
shapes for high-production manufacturers. These 


Formadall plastic parts offer greater freedom of 


design with lower unit and assembly costs. 


\ unique prototype technique, eliminating costly 


WooDALL 


a LR 


experimental dies and molds, permits automotive 
styling and engineering departments to explore 
easily and quickly the benefits of Formadall 
through Woodall cooperative research. Have you 
investigated this unusual service? 


FORMADALL FEATURES 
Lightweight «+ Resists corrosion « Low tooling costs 
Reduced heat transmission « Reduced noise transmission 
Resistant to high temperature « Moided in colors « Adapt- 
able to intricate shapes « Physical properties adjustable to 
product requirement 


| Con 


7565 East McNichols Road, Detroit 34, Michigan 


PLANTS: DETROIT AND MONROE, MICH. « SKOKIE, ILL. « FRANKLIN, OHIO ¢« LAUREL, MISS. « SANTA CLARA AND EL MONTE, CALIF. 
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Exciting News trom 
‘Sentry "Pedestal 3 


Seat 


Operators like the Milsco 
patented “Lift-N-Tilt 
feature of the “Sentry 
seat. The spring-action 
lever allows for quick 
tilt adjustments. Com- 
plete with fore and aft 


adjustments also 


mor 


y the Milsco 
LHFT-N-THT” Feature 


SWIVEL ACTION 
BACK REST 


ie SEs hee WER ES 
LEATHER COVERED 
FOAM RUBBER SEAT 
SS Rs “S 
FORE AND AFT 
ADJUSTMENT 
eee ls AT | 
LIFT-N-TILT 
ADJUSTMENT 
ee ee aE 


VERTICAL 
PPh Eid. as 


gape gam ih 


AA SWIVELS TO FOUR 
ee 


ayia ae 


The Milsco 
Seat, truly the most 
Neto Me ol -te(-t ii] MeL ted 
TM Mle Cee le hate -t 
TM tl mali ale| 
Tai la me Lile Ms ha Me ily 
Sige Me tt Mel) ol-t-1 lel 
Ter Mille ( Mi Meee 
the “‘accepted” pedestal 
seat for panel trucks, 
ageD Ll Ma eels 
ae ad M) 
equipment. 


where your 
seating dollar 


goes farther 


2744 N. 33rd St., Milwaukee 45, Wis. 


are) Ce): 7: 1 8 Bi 


Self-Aligning Bearings 


CHARACTERISTICS 


RECOMMENDED USE 


For types operating under high temper- 
ature (800-1200 degrees F.). 


ANALYSIS 


Stainless Steel 
Ball and Race 


Chrome Moly 


For types operating under Biete radial 
Stee! Ball and Race -). 


ultimate loads (3000-893,000 Ibs 


For types operating under normal loads 
with minimum friction requirements, 


Bronze Race an 
Chrome Moly ond as Ball 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 
have been used to meet specific needs. Write for revised Engi- 
neering Manual describing complete line. SAE 58 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


NOW AVAILABLE 


AERONAUTICAL INFORMATION 
REPORTS ON AIRCRAFT 
GREASES (DATED MARCH 1, 
1955) 


AIR No. 39, WATER COMPATIBILITY OF 
AIRCRAFT GREASES 


AIR No. 40, CORROSION PREVENTIVE CHAR- 
ACTERISTICS OF AIRCRAFT GREASES $0.75 


AIR No. 41, STABILITY OF AIRCRAFT 
GREASES 


AIR No. 42, CONTAMINATION STUDIES 
OF AIRCRAFT GREASES 


AIR No. 43, LOW TEMPERATURE TORQUE 
TEST FOR AIRCRAFT GREASES 


AIR No. 44, LOAD SUPPORT CHARACTER- 
ISTICS OF AIRCRAFT GREASES 


$1.00 


SOCIETY OF AUTOMOTIVE ENCINEERS, Inc. 
485 LEXINCTON AVE., NEW YORK 17, N. Y. 
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These two O-rings were both the same size 
before immersion in jet engine fuel. The 
O-ring of Silastic LS-53 fluorosilicone rub- 
ber swelled negligibly, while that of another 
silicone rubber swelod 200%. 


SULASTIE now resists fuels, oils, solvents 


For resistance to fuels, oils and 
solvents, specify Silastic LS 


Get latest data on Silastic. Mail coupon today 


Dow Corning Corporation, Dept. 913 
Aidland, Michigan 


Please send me latest data on Silastic 
NAME 
COMPANY 


ADDRESS 


*T.M. REG. U.S. PAT. OFF. 
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Aircraft and automotive fuels, oils, and solvents won’t 
deteriorate Silastic* LS-53, a new Dow Corning fluoro- 
carbon silicone rubber. Silastic LS-53 has unusual resist- 
ance to other organic chemicals as well as silicone 
fluids. In physical properties, such as low compres- 
sion set and serviceability at —80 or 500F, Silastic 
LS-53 resembles other silicone rubbers. Available from 
leading rubber companies. 


Typical Properties of Silastic LS-53 
(cured 24 hours at 300 F) 


¢ Tensile strength, psi 1000 
* Elongation, % 176 
* Compression set, %, 22 hrs @ 300F 22 
© Brittle Point, °F —90 
* Solvent Resistance, % swelled 
ASTM No. 3 Oil, 21 days @ 300 F 3 
Jet Fuel JP4, 15 days @ 250F 18 


If you consider ALL the properties of a silicone rubber, you'll specify SILASTIC 


Dow Corning CORPORATION 
MIDLAND. M!ICHIGAN 
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How Saatxcewell 


MEETS THE CHALLENGE 


———_ 


The above cutaway tubular push rod 
section with swaged end illustrates 
one type of push rod design made 
and fabricated by Avon, then 
cyanide hardened. It has a low 

cost factor combined with great strength 

and toughness, plus essential concentricity. 
Special hardened steel inserts (at 
left) provide other styles of design. 
These are spot welded in the tube 
ends, with a maximum runout of 
.020, to match rigid concentricity 
tolerances. Illustration at right shows push 
rod with welded insert subjected to pull- 
out test of 1500 pounds, which greatly 
exceeds critical automotive requirements. 


AVON 
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Avon's widely accepted Fusionweld Tubular Push Rods have 
successfully supplanted the heavier, old style solid push rods. 
Startling economies, plus important improvements in engine 
performance today place Fusionweld push rods in the fore- 
front of this accepted method of valve accentuation. Fusion- 
weld has today succeeded in creating an enviable reputa- 
tion for producing top quality, vibration-proof, thin- wall 
steel tubing. Its exclusive method of hi-cycle resistance weld- 
ing, coupled with a special process of cold drawing by die 
sinking now provide a tubing with extreme toughness and 
hardness to meet the most exacting standards for a fatigue 
resistant product. Fusionweld's complete homogeneity of 
grain structure in both wall and weld gives it a new degree 
of tensile strength and ductility, making it highly resistant 
to vibration—hence ideal for innumerable automotive 
applications. 


We welcome inquiries on Fusionweld 
Tubing in random or cut-to-length 
sizes—or fabricated and formed to 
your blue print specifications. Sizes 
Ye” O.D. to %” O.D. Plain or 
terne coated. Write for your copy 
of the Avon Tubing Guide. 


HIGBIE MANUFACTURING CO. 
ROCHESTER*> MICHIGAN 





VISTEXE@FELTS — 


for positive... self-lubricating seals 


ew 


VISTEX 
PLUNGER 
PACKING 


~ “SSAA 


VISTEX 
GLAND 
PACKING 


KY 


Are dependable seals your problem? OTHER VISTEX FELTS BY AMERICAN 
Here’s a new way to solve even the toughest ones... American's In addition to Teflon, Vistex Felts are also im- 

Versatile Vistex-with-Teflon Felts! pregnated with such polymeric compounds as: 
Felted of Teflon reinforced synthetic fibres, these advanced-type, HYCAR © NEOPRENE © BUNA S$ 

self-lubricating Felts are setting new performance standards under NATURAL RUBBER ® RED NEOPRENE 

both high and low temperature operating conditions. They resist all . . . to meet individual chemical and physical 


acids, alkalis, aliphatic and aromatic compounds... maintaining their conditions. 
thermal stability in applications up to 420°F! Shouldn't you investigate the advantages of 
these Felts, too? They are already being used 


You get better, stronger seals... Vistex-with-Teflon Felts withstand ; . eed 
up to 5,000 psi...eliminating troublesome lateral plastic flow and ae pa gg applications throughout 
sealing on polished or irregular surfaces with only minimum pressure. 

Vistex-with-Teflon Felts can be precision cut without ravelling 
or fraying... having a very high tear value. Due to their great 
strength they are reusable for even greater economy. 

Available in 36” x 36” sheets with thicknesses of 1/16”, 1/32”, 
1/64” or as cut gaskets, strips and washers. . . quality Vistex-with- 
Tefion Felts can economically and efficiently meet your specific 
requirements. 

Save time — consult our engineering staff for assistance in choosing 
the correct Felt. Remember: It’s the largest, most experienced staff 
in the industry...and it’s backed up with the largest, most modern 
laboratory facilities in the industry. 

Write today for technical Bulletin VT-2-856...on your company Copel Cline. sot Botmetiang 
letterhead, please. 5 Glenville Road, Glenville, Conn. 
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Designed Tar yout Cutting Tool Pragram... 


TOOL HOLDERS AND 
INDEXABLE INSERTS 


... available in Positive and Negative Rake 


Experience proves the importance of proper rake on cutting tool per- 
formance. That's why Carmet tool holders and Indexable inserts are avail- 
able in both positive rake (for light cutting on easy-to-machine materials) 
and negative rake (for heavy cutting on high tensile materials). 


CHECK THESE FEATURES 


@ Up to eight cutting edges on each @ Tool holders cadmium plated to 
carbide insert. resist corrosion and chip erosion. 

@ Tool holder design permits quick, 
accurate indexing of inserts to 
new cutting edge. 


@ Grinding is eliminated—no special 
reconditioning equipment needed. 


@ Each insert is permanently marked @ Inserts cost but a few pennies per 
Write for this NEW CATALOG: for easy grade identification. each new cutting edge. 
CARMET TOOL HOLDERS 
and INDEXABLE INSERTS Ask your A-L representative or distributor for engineering assistance in 
Expanded to 16 pages, this latest edition choosing the right tool for your requirements from Carmet’s complete line. 


contains specifications of Carmet tool Aileen Ladin % ti viet ; as 
holders and Indexable inserts, replace- egheny m Steel Corporation, Carmet Division, Detroit 20, Michigan. 


ment parts for tool holders, and informa- 
tion on choosing the proper carbide grade For all your CARBIDE needs. call 
’ 


for the job. 
ALLEGHENY LUDLUM 


ADDRESS DEPT. SA-3 * : i 
Branch offices and distributors in all principal cities 





Here’s how we’ve been 
saving you money 


The chart at right shows costs climbing 
up, up, up. But not the cost of Timken® 
tapered roller bearings for automobiles. 
It’s stayed down. And the auto industry 
helped keep it there by standardizing on 
the new Moto-Mated sizes of Timken 
bearings made in a revolutionary new 
bearing plant—a plant that has every- 


body talking. (See recent trade articles.) 


Here’s how you can 
keep on saving 


Here’s part of the Moto-Mated plant 
that can turn out 30 million new design 
Timken bearings a year without a hand 
touching them. This extraordinary plant 
can keep your bearing costs down if you: 
1) standardize on still fewer Moto-Mated 
bearing sizes to help us make even longer 
production runs; 2) use more Timken 
bearings and keep Moto-Mation at full- 
tilt, cost-saving production. The Timken 
Roller Bearing Company, Canton 6, 
Ohio. Canadian plant: St. Thomas, 


Ontario. Cable address: ‘““Timrosco”’. 


Ly 


@QNEE Timken bearing price index 
(J) Timken Company labor cost index 
ae mm fron and Steel prices* 

@@e@ Metal and metal products* 


wees Passenger cars” 


*B.L.S. wholesale prices, Base — October, 1950=100 





1951 1952 1953 1954 1955 1956 1957 


TOTAL VEHICLE COST OF PINION, DIFFERENTIAL, REAR WHEEL AND FRONT WHEEL BEARINGS 


TRADE-MARK REG. U. S. PAT. OFF. 


TAPERED ROLLER BEARINGS 


BEATING INFLATION TIMKEN 
\ WITH MOTO-MATION... 





